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and d«t«niiiiatimi of siftttaiiftoi" oo^pri««t of six tbmpUrw* iii« 
f irs t «iiapt«r ««•!• vllh tii« g•n«nl latrodmtion oovoiiaf • oritieal 
r«Yi«w 0f th« •arUsr work don* in this fl«ld» Tli« llt«r«itir» surray 
has 1>s«n ••ntlonsd opto 1979* A tab la has haao giTsn In parts a» h 
and e to arranca tha aarllar vork in a eonoisa aannar. 9lia laportant 
aspaots of analytieal ehOMiatxy in ganaral and tha prooaasaa that 
involve i<m->ax<dtanga in partioular havo also ba«a dealt with. 
In tile seoond <rtiaptar(^ the praparatiottt i^ysioal propertiaSf 
ifm-az<Aange properties and alaotron axohange properties have been 
desorlbed. Hie naterial» airoonim phospboiodatOf haa been 
synthesised by nixing O.iN of ziroonitni acKy<^loridet phosphorie aoid 
and potassina iodate in equal ratio*) the preaenoe of iodate within 
the irtiaanela gave ttie ax<dianger an eleotron exobaage pri^erty idiioh 
waa applied for the oxidation of SMall anotmta of iroa(II)» Aa(III)t 
aaClZ), f i ( n z ) and 8h(XZX) to their higher valenoe sUtas« Vhe 
raottlta tfhtainod wore qoantitativo* (fhe iioohania« has boon disottssod 
and i s basod on rodsoE potmitial of iodata/iodida and the redox ooi^lo 
of mo roaotanta andar oxpariaent*^ 
Iha third ohaptor dosoribea^tha preparation of a now 
ia»-ffiahaBgart sine aiUoato* A oe^plaBiag agent, fAK (i-(&-pyridrI-
aao)*8»naphthol) haa boon inMObiUsod on nino ailioate and haa been 
studied aa a ohalata i«B»«iohwiigor. rroportioa snob aa ion-asohaago 
< i i ) 
MF««i«r» h M t •*tm% mM mU^tUtf • « • • hmr* itmm •tiaii«« f « r 
«i t i««t«« Bine • i l l « a t » * j FJOUMI^^SA slm« C I U M U •h«w»4 i f « « t « r 
mU9tirtty fv M M M t « l i« i«t •wpmtBllr for 0« (n )» l l l (XI )» 
0»(ZX) And P«(XXX) «I4 Mloeiano* f«r ikg(X)t A«<xn) md r«(ZT)« 
8*l*etftTtty toat b«Mi i«t«mla«d oa tii« b««i« of d iatr i lmt i f l i 
«o«ffiel«iita af t i i«M wmtml i « i » * aftparatton af pt(x?) f n w Pa(IXX)| 
A«(XXX) f r M ra(XXX); Ag(X) f i M Oa<XX) aad Aa<XXX) twm Cu{n) liava 
1i«an yaportaA* fHa raaarary of Pt(XT) and Att(XXX) f ro* dlXuta 
aoXatiana liaa aXsa 1>aaa atudiad* 
Si tlia faortii ahapiar/aataX ian aha Xatlon ehiaaatagnphy an 
ooi^lasoaa aai^ad atinaia at l iaata liaa %aaa aaiitiQnad* Staania 
aiXiaata has baas aaibad with aaMplaxanaa l ika xylaaol aranga, 
arioahroaa hXaak T and l^lO-phananthivUna fa r oaa aa a ahaXata 
iflii«>axehaiicar* Iha aasptioa aapaalty far diffayaat »atala has haaii 
waifcad aot . U valaaa hava haaoi datanilnad«j JdrXaaal aranca vaa oaad 
fa r tha aapantiatt ^ 1h(XT) fraa o«(XX) a M ni(XX)} aad Ctt(i i) fraa 
6d(XX) aad HCXX)! lyiO^phaaaatairaXlaa vaa aaad fa r tha aaparatitti 
• f Pa(XX) fraa ra(XXX)« fltm— aayafaUaaa afa haaad « i tha atahiXitiaa 
• f tha iraftaaa aaapXasMa faraad hr tha lataraatftaB af «ataX iaaa with 
aaafla«iaaaa» Ijr alattaa af aataX iaaa ahiah faiaa Imtm atahXa 
•aqplasaa v i t h tha 99mf%mm»9 »a •ridaaaa af aa«piasiag agaat tak tha 
aXaata vaa faaad. 
Iha prapaiattiBf prapartiaa tmA ayy XiMitian af a aav ahaXating 
iaK»««ah«KKar, ataRnia diathMiaXaaiaai hava h9mL daaarihad ia tha 
f i f t h ahaptar* Iha nav iftargaaia ahaXata iaa-amhaiUEar haa haa» 
( i t i ) 
tt« 0«4lf tl«ttcR«lMiia«* i n * pi««tpit«t« «»« «llt«ia«4 at • 4«fialt« 
«oit flsti* of «li« KMtttaats. fH* prMMt cibtalawl ttUr waaliiagt 
ikwfixm • « • • •«> %• itMd «• snniiil«9 to frtpart a oolnHi* fiia 
•atar ial tkmm aalaatlTa optalet 9t •««• af f l iasatal iona baaaA «ii 
tha aaaviiaatioa vltii laiia yair of ttitrag«i» Sayaiatiaaa af ak ( I I ) 
trm 0«(IX) aa« ai(XX)| ]%(ZX) ftaa lii(ZX)| e«(XX) f r M Fa(XXX) aiitf 
Pt(xy)t and aft(XX) f r M Mi(XX) liava baaa aaliiava« qOfoititatlTaXr* 
fk9 ianatloB af a«la«i«d aa^pXaxat ia Tiaibla !» fba aalaaa af 
fitealata laii«axaiaangar« lb* atraataia af tba Matarlal ! • prapaaad 
and diaaoaiad* Ibia ttaw abaXatlaf laii«^xaitaiigar ia piaHabXy tlia 
f i rs t of i ta kind* Many athar tpaaifia aijKania aliolata axaliMiga 
ro»lB •!!«•« baan tapariad in tba l i iatatara. Baaavarf aoTar bafaia 
poaaibility has baaa axplarad towaida laoisania aba lata ioii«»«cabaac«sv* 
H I tba aaxt and tba laat abaptarf, a apaatia]»batMMitria vatbad 
L 
baa baan •fntianad abiab ia m94 far tba dataiaiaation af tba 
•auidi«i(T) in • i a ragn* ranga and ia baaad span a nav aalanr vaaatian 
• f braaina witb aHMniaa natavanadata* Optiaiai aanditioaa baira baM 
aat far tba dataaiinaliaB af ^^^g^ «Kd ma faund ta ba H3 M I * J Jm 
al t fat t af VMiadata aalatian aantalaiiW 89 ta 40d m • ' vanadiaa aaa 
takw Mtd ta tbia i a l af tH braaiaa wd 8«9 • ! t iW mi vara addad. 
A M aalMtifln una tban diXatad ta 89 MX aitb diatiXXad aatar and 
bbaaib«Ma raaardad at 969 • • • In aaaaa abara laaa MManta af 
Ttfiadioi «af<a aapXaradf tba finaX vaXana aiaa aada apta io nX, MaXa 
tatia ia dataminad bjr jr^*a awtb*d and aaXa mt ia aatbad* A atadsr 
( tv ) 
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C H A P T E R - I 
INTRODUCTION 
i B # f ? i „ » - j 
. .•.XX.X^'.mU.^X..XX...J^^^ 
tWt t#MI%tflCl9%iMlf ••IJ^itnittWI iWl ftltiwill i t lWl Af UMI SlibvltMIMf*« 
KtwittfiMtlttn Af ita* •db«t«it«#« «oii«ttt««*s tiie i^ r«ia<iii 9iiiilit»tiv» 
9mmwtilM9$ Urn MqiaratlMi t« t M pvttrMitMHit prMMNtuvw for •#•% of 
tlM 4«t«nitn«ttoii9 and M««l laM for t iMi t i f ioat ioM* fliiao a l l Vbm 
ihnm tootmlQiw* t«t«tii«r foiw ttM ttAjoot of oii«iiii««I an«Ir*to* 
caiMtloal mmly9i9 i« I IOMA a|i«ii «lttMt««l tmA iH>a«ra wotbodt of 
•tt«Iy»i«« tlw ««i«r» ao^otfo of wMiljrtis aro divldod Into two 
lirood iroa{)o irts* tnotrtiooiital aikd Be»»tiiotr»Mo«ittl« InotriwMital 
tooiiaifiioo find ttooir aiypUooiloii in ^ t o o naal^ or of loiarooitng 
ifOfli botag oarriod oat «o4ar» ffeo aott»tBatr«K«tttat tooiMiit«*oa 
too oio oi^ iaJLIjf im^wUmt la taoldiaf vartoao probloHa aaa aro &000 
oapoaotvo* fko ^N»»ittotrfaMttial taol»ii«itoa aro iofolopoA oolalr 
for ooJUoTiai ooraratioso* UMI varlotto aofbotto tbat oro ooplogrwl 
for ooporoHoo oro olupwotOKraN^t olootropliorootOf to»HttolMnifOt 
oolfoot oBtroottoOf r ta i oota toONii^ pioo tsoA aial jaio oto« Borf 
boo gifOB o ooMoioo ooooaot of aooli aoiiioAo to bio book anti t loi 
*rlQfOMMNl OOB OOOMIOOA MlwMNtaP Of QOpOTatrlOO* | f | « S0n*0SOlMMmO 
oai ObrooatOfroiiliy oro soot voroottla lootinl^ioo l» Iba f la id of 
Oi^ ^HTO'lilMi ooSonoOft HoiMiHdayOf UMI iooMnnrtiaiiKa IMMI aoMi %o bo 
rooogofootf 00 ao OBtrooolqf 'VOloOblo toirtwll^oa* AXh ovor tbo oorlg 
MMoroao ftaalo MTO ! • Of^orottoo for 4ooolopi«t tbo oooarotlooo of 
9 
pre—!• I» «M«li tm Uutalvblm {wt taMiwit1»l#) wmUrUlt «fiwii 
tmM M iMMlttv* or Mgniiv* «liftfi« wMI «iI«ftMti •tUcr Ion* of Ule« 
•Hsff• trmt tli« «Mli«it#r pii«s« isto ili« •oiiitt«ii IMIUUM* In 
t«iKimtoil«« loa»«nMai«fHi tre IUMII «• an iaportttiit tool for tiiio 
•olttttim of »«« prtiblmm f i l ing o«r indttotrioltntii ond oolontloto* 
flM Moot loporlflttt ttppUootlon of ioo^isolioiico to tlio ptirftfioottoii 
of v»%mt in on i t * niioo otr imd vator polltitt^n to ioodii^s to on 
alomloi oitttotioii« 
A d«««fl|»it«m of toiiMoatolloiKSo iprooeos e^ m ibo ottod in tlio 
«o»t oooioat litoftttnrt fo&low&oi o i^ oirmrapb vrittoo i» tbo boly 
Biblo. HOMO (8) wroto tliot tiM blttMT notof ooB bo a o ^ airliikotolo 
hj iiolaf fftoooo of iiOo«» Ariototlo O ) ototoA ^ o t ooo nator loooo 
porto of o oolt oootoiit uliio ftItoro« tiiroiiili oortoln typo of ooil* 
1M toaMSoHoogo proporttoo of IMMMI oollolooo In tko f i ro t oooo 
ma tiiot of oiUootoo to tiM ooomtf oooo atc^t i^ ov* —rm& to 
l4pr«(fo tiM tooto of «ttor* fior o l«Bg portod m» offorto wHro aodo 
to otto tlio MMioat nofovoooos* 
ifcowta (%} oBi iMr Cf) t» I99I tgr tlMi M H O of %o»o oantfioaio l» ootlo* 
M o o OOtlO mm t W O t o a Vfttll « M M i i H I Ooi tOf OMOOiOO t o tokOtt IIP Up 
tiw ooil am on ototimlomt —ly i t «f •oloioa to loloooot* St woo 
ootiHtiolMii %r Mibomi tiMit ooollioo ooro voopoooUllo for tlito 
oBOluiogo ta ootlo Ci)* Alonlatwi otUooto mm f i rot pyo^oolMMi Up 
nmnm tmA mmptw (7)» Jm(MMim t« l««b«ii (S) «»« vitc»«r (9) 
I M iMit«rtaIs nMfOii^^lft fwr ^ i « fli«ii«Mii<m ««ff« liaialy sliorftt 
s«oIit*«9 gltt««MBtlt«« mKA hwiio «oi4»* ftmm9 <lf«««v*fl»» !•« «• 
tiM «•• of I M astowl MitoriAl* imt imtw nofttniiig* Aiibifiinit 
8«w ttdoptotf tiiic fMbnlQM «• i««o«itr goltf ftf«« dot w»t«r* ant 
111* wil»ltioa r«Mi i i^ tmfttlfiUMI b«tt«as« tb9 i i«t«n«l ot tHi* tyiM 
«!V«tlfti}l« fit tiiat ttiM i»r<»v«d to I10 tiio4te«oot« for Ibo pawp^m* 
daiat (to) n»oflsiilsod ^ « prootioal oti l i t ir of tiM iflii«^ioii«aio 
plioiiMMttoii for inttor ooftonliig vmiM aotorol &aA lyratitotio sooUtoo 
and oloyo* Ttio oiliotiotod bo4 of tiio ioa^osolioiigor woo roeonoroiod 
liy poofting • oooo^atrototf oolatloii of oodiwi or potoooioK oolto* 
B«oa«80 of pIttiisiMltty of rtgonorottiiii tli«ti« teolltoo «ni olojro 
ooiiid bo Hood ovor 9mA igotii* Uaitotioiio of soolitoo mod etjiro 
woro ociOB rooUsoAf i«o* sooi&too or* doooapoooa liy ooido wborooo 
olajro oro # i f f loo l i to iMoidlo* fo oiroreono tHooo lii^totiono • 
wws^h for oto^lo ioo-oxelioago mitortol « • • otariod* tn 199i 
iBllgroii ( t t ) tUmmtmA tliot ool i^to oolliilooo woriEo «• «o to»» 
oxoitaiiior f ^ tiio io«of»te«tio« of oei^or* Mm tatofvottflf tfioooforr 
%«g«A In 1939 i*«B MOarn m4 Itoloioo fonoi tiiot omifeotf pboaofvi^ 
roooTAo osbt^it lottHR^oBgo froforltoo* into VMiriii^io offoot 
lod tiio tavotttom to tiio igmtttooio of ofto»to lo»»OKOii«nto rooino 
nlMloli iioi aooii liottor i^r^orttoo tiMW aatr of 1 ^ proriotio prodooto 
( t t ) * forioao laprovoMOttio iiiro «»ao In tMoo lootaof aolnly oftor 
«orl4 vor I I by ooaj^ aotoo la 1I«S*A« o»d Kntlontf* Ibooo rooioo oio 
•tfliftlo %mm9§» ootdo «IKI 001^ to lunAIo* llio otmotoro ooo t>o 
vorto« 00 tfoiivoif tiMMFoforot mm «iffto«lttoo iftoM'votf vttli sooUtoo 
MftA 0I09W wMm ffoHOvoA hif tlio totiffoOnttoo of fooini* Slaoo tlion 
Ht>i« •wfttmlm tw[i<«wdliimnii hnw %mm mmA WlAi 1m Uftwmtmwf 
piirtft«iitt<Hi ttf wmUiir§ •cmewitmtiMi • ! •I««tflvlytt«i rctnttiKi* M 
9rMi]»it«««« Mad •liieltf«tlii8 ti i* mtnOimAwm of aawr I M M U I M H I ( t f )» 
fii« ii|i|^ U««%ftiMi« of «nrs<iai0 toiiN»«ioiiiNae« losins • » also 
lliili«iS laHlor owrtaln «<Midliioii« ! • • * thty «ir» imsti^lt ia •^ftooiw 
fstfiaticMio* r«r tboa* r»«»en» tli#ffit li«» li««ii « rmwir*^ int«n»«t 
lai iaofisaio im»»«i^K«ic«r« la r«<Hnit 3w»r»« «s Uii^ ai*« iai«ff««t*tf 
by l imi i la i mAIatiOfui ana af« !«•» •«o«titf» ta l»l«liaf' tiMtatataraa* 
ffe« •tmoitira of ttiasa iaoifaaio tim»tacQ^a»g«r9 i« t t i t f » tbartfmrat 
t l i ^ ar» nara aataatt^a aad aaift«ble for tbo a^«rattoa of ioaa aa 
i&« baait of titotr aifforoa % «iaoa« for ^ i s rtaaoa tiitjr aaa alaa 
bo 0904 aa ioato or iMilooolor aloiroa* Baiog aaitablo tow«r<to 
i<mtaiai vaitattoaa tlitgr mm bo m%& aAY«atasao»olr la roaatar 
iaobaalagr* la at«ar to aaitfirwIWEia UNMIO i^ptlaaitaaa aatf to tapiava 
wf9» tlios t y i t a i t t a faaainiaial atadioo tsf baiac pmfvmd aa lliaaa 
aaiariala* fftkta INNT lataiaal la immgmtm taa*iK«baagar my bo oaitf 
«a bagia la lf%9* I t mw f i f f t i flMwa by B^ri (i%) «ia« aaliMaa 
•tataiiaaf fSaalr i lvttfoi atrwulaa yliaoibato aiypartoA aa alHaa gal 
••ttIA bo oaaA to ai^arata amwiwi aai fiatoaioa froa tiaaloa |iraia»$a 
br aa laaHBobaiiga pwmmmm^ Sa aMIUaa to •Ataaalaa pboiqpiiata a t ^ 
aiiiar olallar otiwtaMoa mt^ ^  pwi^avai tgr OMUbialag axliaa of 
• l a i ^ I f irl«li ilio MNM aai«la oaliaa of gro^a • aa« n af «i« 
parlagia atiAila* ^rwiikoala aai ttw gufciaga yfOfavtIaa af Hm 
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S A^  n 
5 
l o 
6«iP» f«iin« tii« litiii««t Sat«r»«t «f a l l siraii Mtft«ri«i»* si« •i««tf«a 
fii«y oentein ^ « •{^•«i«» fvfwliig • rvdOK o««pJL« mM ttttmr Umwim^ 
•si4ll»#i (•r r«4iao*4) • tiibstrttt* tiM 9ltm%r9a «i«liatis«M •«•! %• 
rit«n«t»t*tf ^ • t u t i i ^ l * «il^a&ng or iwdneins i««at« fli« rMei tv i t r 
• f •loetyoii «col(aiifi«r« ! • Ant «• %«itlt*lit W9d9» mmgmkmttt* Hi* 
•oat ii^^ortaiii «dv«»ti«« of •l««tron iaK#t«ng«fii Oiwmt (SlBmlyA 
mti^&imim •!" r«ilitot»ii ai«ttt« t» ^mtr iasoinlitlliy and hmmm tm 
•laotroQ iKobaogtr «aa li« • M t l y ««|»«mt«€ froitt tti« Mliiilafi «aiital»inc 
11 sdliatrst* iNiins OKidiMd or f«atio«A« fli« •eltitioa i « tw f iwi 
tlMi oontmitniiiiin of onr rodosi ogont or i to ^roAioto* Gnlr olootrooo 
•Ml yrotoao ort tronoforroi botifoott Um rooiii tmA H M oolotion* 
niortforOf tbo « i l r fotoiklo ohMgo i« MMI oolttttist oKooft for tlMi 
foioti roootlott of tko oiftottotOf to o oHoogo to i^* Miottior, 
oiVMitit* ^ olootVM iMoliooiotti lo Hiot Hior OiiR ^ rooitlT 
fogonoiototf (iBiiftooi or rotfoooA) offt^ ooo* 
i M olootroo «mMMig«ro ovo ohorootortoMl hy ^ o l r toAM 
00900ilgr» foiOK yoloiiUoI ooA iooott»s roto« ifao rodos oitooitr 
fto llM oaooBi ( Is otHiroiMito} of o oH^otroto liolog 08rt«tooi or 
liitfiootoo tko tkm lOfotioA tor lo io i i^ rooooo mtAmt o i tviR oot of 
0«i4tfiOMI» 
1 ^ 
tm^mt i«»i>tBiliiiBt«f« Mrs o«iiir«iitioB«i t)iii««s«tift«g«rt «lit«ii 
la tlM Mrahanf^r at oeiat^r iflna* Hi* radoB i0B-*«ai«li«iii«r« %«iiaiv*» 
la • woTi atallar to •lootnm «ieliaiit#i^ «id tii«y«f«r« iti«gr aia • ! • • 
oii«mMit#rt««4 tir l i i* • « • • «6aniot«ri»ti« f»f«|i4irti»« • • f»r Hi* 
•it«troii «afitiiiiii«rt« Mwiy «atiii>r« 4» aot «lff«r«iit£«t« li«tii»<itt 
^ • • « two aad tb« AiMMi • i tb«r ^w r««oai ioii*«x«!i«nc«r #r •^•ottroB 
«K«ii«ag*r i0 aMd in g«ii«r«l« 9 M M of tlic taportimt r«4<»3K «x«liaae«r« 
MPt iramarisi^ tn t«bl« Hi* 
1* Pho«pNMol9%4le TOBoAio aoi^l 
ft* ^tPMiiloi'oiijrdyofiiiamio 
S* •tff««itHMWl|%4o iTMaiatt 
i» AllmU Mi Mttfiol iMPV»oy«Bl«oo 
7* Mwopiiotiaif • « • vaaa«i« mH4 
ft* AO%tV^  ftOflHNI 
ft, StoUtft oiaalaooiUftaift 
to* Xirooatna ftovastio aota tmftotato 
















( i * * ) 
(t*5) 






gtv*» • »«if ol««« of «K«b«igon HiAt l» lBM«in a« olt«3Uit« ioi»» 
iK«iianc«r«« Tlio •oiq^lttiiing ogwits foiM «li«lat«« wttti iMftti tins 
witii t M iitifei 4ttri«« of M l M t l v i t r * lott««iitih«»s«r* of ^ i » typo 
oro mifiiiiiiiiettUy aiul eii«MiottUy aoro otatilo tlmn iiio iiotuiX ion* 
ojcoitoiiKoro. fbo etiel«t« toai*«aioli«i«ors oro oinllar to soJiufet* 
eampltmini. os«nto in tii«tr mmpUxltm. twi#tooy ••s*f • i^ain vttli 
tii&»odl«ootto aoitf gronpOf Bowos J^U >>•• I^ OOOMO oenBoroiolly 
ov«ilalil« •» « <ib«l«to toii^ oaiobingo fooia* By iatrodaottoo of a 
•altalila oaaplaaelog as<nt I t to poMHhl^ to iiav« a oi^ooifio ofiiolato 
iott-MWOl^ aagar. 
Uao of liganio la «ii«Kio«l. aaalyaia ia oaa of yi« aarliaat 
•atboda of tfatoniftaiag tbo ]»roaoaoa and oaneaiiti^ttoa of «atal ioiui. 
Rowavort tita w«piA ia&wimfmmt toalt plaoa oaly aftor i9^5 wttb ttta 
tatfoAoatton of otiirlana«t«Klao totffaootto aeid «mA ralatad OQefioKlaii 
(oliolatlnt) asaata* f^Mwatian of a ao^plas w t ^ a w t a l Ion la an 
mum^%9 of a oeor«liaati«ii ooi^oaaa ia uliiob tlio doaar of looa i ^ r 
of alaotroaa ia tlia ooatlaoiiag agoat antf Hio oootral a»tal Ian foiwa 
a oooftftaatoHWvalaat tNM altli i t * SHo fomatioa of tiio ooiqpiaai 
Itei^ aoia apoa tlio aiaibiiity ooaotattt of tlio obolata fonaaii* fba 
iotoroat is tiiia f iold baa %a«o 4avalo|»ad i^oafttty mm atMrii MMHiaaiora 
ara aoMaaritatf ia i i l i io to* 
1^ 
fSABiK U 
acme op f« i aiKUTim imu.wBmiAmE RESIHS 
MMMM 
Re. vtatn 
Mrpt lM i 8«I««tivlt3r vmtmvvmtm 
J f M W r W m i m w w <fin .^i.^ miiiiWMwii>».>wiM 
t * CSita« audi tfi«tii3rli»^cio S*00 Ott(XI) ( i 5 t ) 
2* fl«>^y^]rox|^iiiiieIlii« «nA Cit(XX) imH m ( n ) (15a) 
5* 0«»liyilxtHi;riMiimi ir«»iii lli»(¥X) and Cu(Xl) UW 
%• tlkii^Ijnioiatc i««ii i 
Kbinz), mitt) trm 
0«IM ««ld|C»l(lI)«Pb(n}, 
9« MltWI AOld |^fp# fV^itt 1I(?I). OttClI), Ki(U> ( t » ) 
•nd F«(ZIX/ 
%0 fkmwfhmf lyiw iw^itt &(TZ) ttod fli(xr) (*55) 
?• ll»A«]rXpliinrl^ 0,%5 (1») 
ID 
mmgwrn. iit«t«for»t tii« iomtbtti* •«« iw« «f s a ^ «s«liMig«r« t» 
oh«at«ftl «milrftit Miy ^« of t«|portaiiM« IB tb« yr«i«at tttHif 
FAli»i«i1^i stBo siUttftt*! xarl«»oI #raf««t •rioolirwM blaok T and 
l«iO*l>fo«n«ii«lif«Mii« •&i««4i •ftaimld • i l i««i# baiw ft#*a lymtlitstsMi 
m»4 9%mi9dm A mw i^iit«ii«li li«9 ^mw ir i«d to iatroattoo tbo 
oMRpUaiiiiC i^ttato wilto Hi* a t t r lx of th« «iofoaiitor« On tt»io li«o&» 
stoetaloaiottt«aol«Ktii« ^ o lioon osratibooivoi tmA fowid to lioliavo oo 
tt S^o^ obolotliig oxotia«gor* 
for o oo«|iIoto doooripttoii of » imterial «« ois icm-osebanior 
tti« folleiriiig profiortiot attst b« otoiiodt 
i« tli« i4o»oKOboaKo oin»«otijrf 
e, fito fottotoiioo toimi^s aoido ot^ iioooot 
5* 0M9O0it|o»» 
%« fotootiMMtrio titvationof 
f• utofyiHotSOtt of ooiMtor !««• bo^iotii «olation oaa oxobmiior iilioooOf 
(« iittotiooi 
7» fliowoiiiiaoloot ond 
I«Oi>o>oii«iIo o^ooitjr to ono of tint ooot fimflfwitol 
ilttMititloo fwr olHuniotortwittoii of ooir lOiMOMiiMiio aotoriol* rmr o 
otroig loaijaiaiiWort tiM oai^ooity 99m rooAllr li« sotoiviiioft by 
«iroot tiivottOB* tMriooo tn»«o of o^oeltioo oon %o oxpvoooii to 
AiffotOttt wanofOft Ibo o ^ I i l i r i o i i t«»»oxoii«ago oopaoity for 0 
otroot i f w l i i i g o r o«a »o dotomlttotf %y «iroot t l t fat loa of otrmii 
f 
M t t w iSMiiiiit«r ( in B^  tmm) vlth • •tf««g hmm* Itejorfttjr • ! 
in * •!y»lli«ile i»»«f Mile iMMnraiianf trs btifoinrM • • • mok iM»«it«baiig«r 
ani ther«f«r«y iti« i i rvoi ti«r«tion i t not r«iiii^I«* Xa tlii» M I M 
i«tt»«soii«iise MiMMiir i« i»t«miitt«« tor r«iiiiie«mnt of ^rdroewi i«i« 
froii tH« ioi^Aiigtr 9ka«« bjr tii« dotiiit«r ioa» «t • nentrai M U 
•olatioa ana ii«»o« 4et«niil»fttioii • ! i l l * •^ iUtori tH i«i»«i<$liaiit« 
•iqpaeitr i» ^«a* tor ps»titf«ti^i«» NnxlMaN ioii«»«x«fo « « • oi^aotijr 
•«ti«i to tto« iitiiito«r 9t tiMfi««Bi« tr«<9« ^ i * iq^^oif i«A wHumt of 
iMh>«B«tiiif3ig«r imy diiwoiir to* «l«t#rai»«A tor Mii^i* eoliMi ep«r«iioii 
f>««*iiig ito« • iootreir i ie soiitiiMi ovwr tto« i«iH»ifiiiaiig« flMil«rt«l 
( In R^  ffom) AM i i imt ias ilHi lito«rat*d aeid to tii0 «fflia«Eit b]r « 
utMKliird toa«« •ultition* Al^oogto tti« ^iif« iMN^Kottaagt oupMltr «f 
• vciii^ f iMi«»«xi^«ii£*r oftn to* <liit«r«i]Md in neir*!^! if^yst a gravinttrie 
«0itoiNI (i57) vitmf f»r nanr ina-^ OMtoaogcr* tto* ndvantage «f 
r t lnt lvelr tol«li Meaffter Mii f» i r t inpl* •i|tii]NMnl r»<inlr«n«Bt« f t r 
•Hir «i« diff^rMM* vnigtolnc wittoont anr liinlriiofti ntotainiii 
#*i«f«lMiti«i 9t tMi* Br««Vitoft>iii^ tniiMitr ( iSi) i»«»f tton nttfttl 
• ipnnilr f i r nUI tn im tto* «9l«ni •p«]r«tif»i«t in of im>oriMin« «to«i 
ibn nitn nf «Mto«agn in tlnv* fbin intn nor to* • • ninn ttoni tlm 
tntnl M^nnitr MOT not ton «t i i ia*« in nn nniiinl ^^tntinn* fhn 
n^nmtinn in dinnnntiwMA ni totnnto^iMitniitto tonfnrt rtni^ing iton 
ntaplntn nfoilitoritti* ftoin nttnnitr «toinh in nitlisnii m t i l tofnnl»» 
thv*ngto nnonm i« hnoMi n* tof«ni»»itom«|to ••ipnnitr «r oynnnin napn«itr« 
t% «*|^*»«* qpon npnrntlBi noniltinnn nn4 is tnwnr Mi«n iton n«ailitoyi«i 
ina**ointonmn napnoitr* 
I M iim^mntSimg* i i i t«rti i i maaet %% stMittii for eb«Bl««I 
•ta^il i t ir tB mmUtUt wA baste wm^im to tUmdk t«« lfjKlia«l«ttS« 
lb« itstrikttfttmi • ! an i M lMtw««ii tl i* «3i«bing«r meiA Mlution 
ptoMM I t • MMi«iHnt««iit of • i lootiYlty* <lft*At ^ o 1m»K-^mtiMmg%v 
%9km% vp ««rtatii i«Mi la pr»f«niao« to tto otbor |^f«««iit «o«itor looo* 
flilo tolAotlvltr wor 4«p«ii4f Nslaly «|»oni (1) Donttun fote»ti«2| 
( I I ) olovo «otloa« ffiai ( H I ) ooi^lis foamitloB* Hi* oolMtivl tr lo 
Mi li^ortaat taotor to otttdir tlio oofiMrtttlmio* On tbo toolo of 
lilitrlkittloii oo«ffi«|«Bto I t ! • potfultilt to prodlot tiio ooporotloa 
of «no loo fro« ttia o^or* 
fb« Inovtfiiilo loii*OKebiiii^oro bavo fot»4l ntmarouo Inport^^t 
aiialytloitl opi^Iloiitleiit «• ofttogerlooA iMtowt 
( I ) porlfloetloa of aiiiataiiaaa w» a lar^e aoffilo» 
( I I ) 8ai>ai%tl<m of mm Ion fvoM tfoa otbor on • anall lo»»OKoiiangar 
OOlSHIf 
( I I I ) ZflB««iioii«nio pap«r obroaatogra^lo ooparatloaof 
( I T ) Blootf^M^oroolOt 
( T ) lOB^ooMiiinMlor for taa aliroMativn^^r* 
( Tl ) solia atato aopamtlmMit 
( vU) Spaalfle a^ot toatot 
( T i l l ) tUM of lon-ax«liangor %oa«o to looata ^lo and point la t ltyatl it% 
( lat) iiaa of Ion aolootlvo alaotrotfao* 
rwplfloatiM on a la i ia aoalo oan ba OMMIO ^ paaalai tko 
•aapSo aolntlon Hivoni^ tlM lon^oanftwm^r bo«a alilali tako op oortala 
mm%ti9\%X% in prtfevwao* of o«li«i«« in* «ieoliaiig«r %9A esn \m 
i^«ii«rat«4 into •iitt«»l« twm Hr eoiiv«iiti»nal «ttii«4« (199) • Hio 
to^miqM Mil m\m b« viillMNI t« r««ov«r ir«M« of oloatnto fimi 
tlio Hiltiio ooltttlono* flM oloMMttto proo«iit i« ionio fofa oio 
oxobaogodi %r o^aiYolAoi oMouof of ^ « ooHitor lo» i^ rooeat in tbo 
•moltancor* HIO oloatitts oiio tin «lttt«d fiOM tfot txi^aiifior lijr ottltftlblo 
olootrolytfo r«i««ii«« Ioa»«M^iiC« %•% wttti "fevf tm oxooi^tionot 
• mvomil^lo pfoooit* l^o attoIUo lout oro «aKoiii!i»ioa otoi«bio» 
•otrloolly wiiii tajrArotMi ion* to oxolianisor ^«»e mnA ttto sfttiil ioa» 
oan bo ilotoiKlii«4 tadlrootlr 1>y tti« o^Itoattoii of «aiotiinig« roaottooot 
fiBli • Mr 5|^sflssssSfe Iwt, • BH 
K^re s foprooento Itiso otmotttrat imtt of tHo |oii»«xeiiiiag«ry «o« a^ 
onA 14^ '*' or* tfeo •oitcmo tokiiMt port in llio ioiiH»ohitMo« A oiailor 
•otkod Mfo bo otf^iod for ttio roplooowmt of oniooa by iisrAioiayi iotto 
otoioitio««tri«ollr* 
X«»»os«feii»«o bat rosolYod ibo Movi tflffiooit problMi in 
obMiioal tnoljroii i*o*» oopiarotiOB of tfiiiool ooHpoo«ttto boriag 
oiBiSor osoogb yroipoFtioo* Cotmn otaro—tuffi^^iiy io valoablof oi^oo 
tiio oiibitowni oofMNitotf oio oollooto« qoMititstivoIr. 
Siooo tbo Ofyoteilliio io»»«iebftigtor« boYo oovitioff of 
iof is i to oiaof tbor olio poooooo ion oiovo pr«i»ortioo* 1b« ooustor I M I 
ii«vl»f loiKor n i i i thM tbo Moloo ia tbo oovitr OAonot iNttotmto 
mtA tbofofove* tboy ••» bo oopovotoA HTMI tbeeo Mollor iono Obion 
(. ij 
^mmiir Mit«r int« tli* 9mwt%y» 1li««« Mpsttttlonc «i»r« f i rs t 
fieht«TNI bjr oi««rft«l< om sirfMalm i>lio«{)tiat« or7«t(il« (160) «Bd 
• r « •iiHi«ris»4 1i«l#«t 
Urvoaian |iit««pti«t« ana aali|rdit»i« wii«l snU iwiv lb««i«« In 
• piattaiM divii* fbo •xob«Bff« rMtettoii t«kto« pl««« is r9pf«««a%«A 
hy ih9 telUmtng •ftuiiioiit 
MHP04)g.agO • « / * MCI, ^ s B ^ ^<**>«/I '^'^ Jl^t • ®^* • "»<* 
1ia«it sifi« olilorid* 0r lMifkii«n oblorids wtp* «aioli«ni«d • ii«w pb«Mi 
«»• ibt«ttt«d ubii^ p«r«i»t«d to about S/:i of total •apaeit^ of tbo 
oxob^igor* tliooo irldo raogoo of »t ta l oontont foiwinit tho 9mm 
•tmotoro Inaioato tiiat solid solutions of oatiOB witliio eirstal 
Isttios srs foising. His fast tttat s irarlstr of oat&on typo sivos 
tiio s«Ko piMisos (slaost idontissl tatstplMior spaoiog %u% diffsvottt 
tmtsNSltios) iBdiostos that itks oiystsl Isttios ismiios rl«id sitii 
HIS ostions ooowpytai siiAlar saMiwms sitos» Ibis is uoiitcs tiMi 
bslMnriotir of sivsoiiisB pliospiisto omiifHigiiig iims to squsotts slsottolrts 
•olotistt uNnro tiio Istttoo si^onds by tbs aovoMsot of tii»oC-siyssKi«s 
pliosplists Isyors to sass—><sto bjpirstsi ostisns* tbs olotio* of 
•stioos vitb i i io ts soid solstioas ptsvsd tbs plisMSBi«io» as io»» 
saMbsHgOf ^ o ostlons ooitlll slso bs vsaovsd bjr ssotsotios tbo osobsngs 
yiissss witb gsssotis bydrvgsM obloritfo* 
foaa iOB«»siobssgs o^^ovotisns ooto also sobiovod* A oolotiM 
osHtstaiif ofool ports of l i tb iwi alilorido sod OOOSIOM olilMrtdo 
r^. 
•v»pov»t«<l to aryii«0« and tiw dwf tm%% alxt i ir* imc sroimd t«i* t l i«r 
vtti^ OCwslreontiiM piiotpiiat** On U9mtifm ¥m a ist i i r t a t 115 € 
U i h i w i «eMhfii||«tf UavliMI • • • • t u n 1i«e'%t«i« ttui o«¥i«l*s mm I ftfs* 
•BOMgii to iptfmlt • oatioii of nilkoiit 1^ A« flias 0«^ tboalA b« 
nmwwr^ wwj tmt Ut«r»ti»r« I t «v»llal>lo on ion-oieotiiinf* 
i s aoltoii suit* Alliorfi and A U S I U ( t ^ i ) tfoatad iiom^mMtmm* 9a 
•Miri^oitc »iro9iiiiMi |}h<it|>luit* In « i l t «» ttitr»t««* 1li«3r fotmd «iat 
I l t b i M i ion fa graatly prafarrad airar pataaaiiMi tmia lly tlia asa^agar* 
Altiartl al»a atndiad tiia apaaifia aaBdoetaiiaa af mmrptmiam 
siraaaitai pbaapiiata In U.*^ Ifa^t K* and Ca^ far»« ov«r tita raaga 
8^011 ea&varaiana (168) • flia ai»aalfie aoaditataiiaa of u!^ &BA em* faraa 
waa fotsid ta daaraaaa witli |»araaiit aott<varal<m ahl ia tliat af tba Na^ 
and s!** fama t l r a i Itiavaaaaa and titan daoraaaaa m» aanvaraiatt 
praoaada* A taatativa aadal ima prapaaad ta asplala tba iAiaanrad 
ph anMnMHMMi* 
ipaatrapiiata«atfir i a « i laportaat taatml^aa far tha datarataa^ 
tiait af atftataaaaa at Urn iava i af aonaanttatloa ar at traaa aaalrdia 
laval* Spaatrapliatattatfr appilad is vlaiUla t ig ias* aanaasly ksaifli 
aa «alarl«»trr« i a prafanrad basauaa af i t a a inpl la l ty and a a i t a b i U t y . 
Mias • aalanr i a aliaaifad hy m part iaslar raaatiasf aolar i»«tr ia 
pvaaadttfsa era asplajwd t# datamdaa t^ aaaaastratian af ana af tlia 
raaatiag adbatasaaa* teat fair Ammmi99 liava aa«n as asteiiaiva 
davaiapMtnta is titia f i a l d * 
. . vJ 
Al«iu>i«ii ««Jl»rte«tri« iMtiiod* ar t aaomg tli« M r U « « t 
i i i»Ui iMnt«l t««iioiqttMt ^ot «wm toAay th^y cm «0B«l<lMr»4 to %• 
out of tti« t«p nmiEtiis aetiiod* b««fmM of ttiotr ovorsll t i U U t y * 
flteM Mitiiod* or* iiaMd fiai41«ii»ntallr •» i ^ Ught afosoipiive 
•apaeltr <>' tl>« ooloitrotf »ttt«ri«l« t» tii« •otatlon feiw* Hit 
HovoloiMMat of oolour Is oottlovod hr oortoia eitoiiieal reaotiona a«ft* 
hy i»9Kl4atiea»r»fiaottott» aoi4»i&asa raaattim and ooaplax fotwatiott* 
fkHorimmtry wa» raa«Ngalae<l ol»oat tha year 1850« rrcMi 
1890 to 1900 thare ftfitaared aona wait Imcnm itiathodK iMlii lr for 
iaoifaaio aaalyala l»nt tba firogrean vaa aloir* Xntarast baa t»aMi 
(aai»*Jlop€d in 20th c@ntuiy «»« iMilnly aftar 19%0 t« ebiM»io>»l aiaoXyalc 
hy tba dtavalopoHsnt of aoioriaetria dataivlnotl<i>n of aotoatAiioaa of 
inorgmie antl orBanio or ig in . Iti© latarast graw tre«endoualy 1»aaau8a 
of l t » Oanatid In rootlna traaa aaair*^^* Stadlaa tm«at\im laofganlo 
9Ida bava baea aoeti «Kl)aa«tiva an ooaifinraci to tba oni^nle «{>liara« 
fbm book •oolor i iwir io Aatam&Mttiott of traoaa of iiatala* hy 
SMiiall (163) baa baoe«M a alaaaio booic in ^^ iaoinmla f l a l d * 
SBoIi and 8 M 1 I ( t IM) kaao alao jpyaaaatad an aoootnt of tfairalo^iiaBta 
l a tbla mx^^m* Bolta tao baa glvaii a Mirvalloiia ooatrlbatiOB fo r tba 
tfatanrtaatlon of »o»'<ttaI» ( t65 ) * V M partodloal favlawa In aaan 
foara of 'iimilsrttoal Otavtatir* firaaanta a» aoootait of daval^iMiita 
In tbla f t a ia fron t i n t to t i M ( l^» t i7 t t<Hl ) * 
Ptr ai^ootnqpbotanatrla tfatanrimatloaa aorta la raqalroMinta 
anat ba f a l f l l l a a * fba important anat avat aalaatioo of an optimal 
wmir* Imfl^tb, applioatiaa of 9—r*9 iav« atirtiilltjr of tba oolotar 
fonMd (siiystaiioe f««iHia«itile for •li8orpUon)t •eat i t iT i ty an4 
MleotlYlty Of the a«tliod« 
Ihe «el«oti(Mi of an optlatin wave length oa» be uade tram 
tile absiorptlofi epootrtai nueb that the imterlal of iotoreet absorbs 
eleotroeagnetle radiation at l^ia wave leagth to a naxiatai (or to a 
graater extent)* At auoh a wttve X#ngth the absorbat&oe wi i l he 
affeeted to a ieaa «xt«at hy the interfereneee providodl that the 
interfering euhetanoee do not al/aoxl) at l^ia wave lei^tu* 
Beer*e If^yi (or 0eer-L»»bert*s law) relates the aheQKf»«B06 
%rith the eoneentration* In a genertil wny a straight l i»e ;le ohtitined 
on plotting abeortranQt ef>ninfit the oonoentration* The deviation 
Stxm the atraight l ine »ay «l80 he ohaerveti heyond ti^e ran c^e of 
appiioabiiity of Boer*s law. Ilotiever, in oertniu oasss^ au<^ 
e a l i h n t i o n carves have also been need for detensinatiooa* 
the awDaitivity t a l i s a aininun owount (or oonowatratlon) 
of a oospommt being (totarained* the aaleot iv i t^ gives the 
dotomlMtiwi of one ooniKment or a group of ooafmumtt in prooenea 
of et i ien* Vio raaotion «ay aoMetiMoa bo apaolfio to be applioeblo 
for tlia dotomftMitSmi of only a aiagla otttponeiit* fooh roaotftono 
«r« of aaonwtti iaportanoe la ohanioal MMlyoio* liien a partionlor 
reaotiott ia aot apaoifio i t oen be itade store aeleotive or sotsetlsies 
spaoifie 1^ the proper adjnstswnt of the different variables* 
fho atabi l i ty of the eestplaxes fomad «ay also be dotonsiaod 
by «ba «|9pll«atloo of apeetropbotOBatry* Oatomiiiatien of ttola n t i o 
botwaoB the aiatal ion and the ligand i s frtqaeaily uaod to idoatif^ 
;-:7 
( i ) tli« Mitiio^ of ««attwioi«i variatian attritiataliJi* to <liilb« ( i i ) tiio 
nolo mtio Mitiioa tatrodiiooa %|r YIM and <loiio«» and ( t i t ) ft^ alopa 
ratio attiioa gtvaa ^r Barvoy aaA Nmniiis* f>>o «>•• o^ t ^ f l ra t tiio 
la la mmmam prmettm tHi«y, 
'* 
ttt qttafittitattira obaiiioti aaalroio ^^ eoloriiNitrio 
datanalnatifma of wotal baa lioeii prova^ to M tti« aioai aa®fttl of 
a i l tb« iMitboSa* aaiaiiiraiir laaa work liaa lia^i raportta oa Timtdtaii 
aa oonirairacl to tMa other li&@ «laM@at«* Siiioa v»aa4it» ia ooaaiOBlir 
aaaoolfitai «itli wmtmllurgimtl and MoolJ^aicitl ii^ata»e>#a Ita 
atl«oti<rf) astiaiatioii in tltaaa e^sttnota is oonaidaraS ftitrly 
importmtt ia Qhm&i^ul aitalysia* 
Ylia mmaoat iroilc waa itt«lartaltee» to a^thaaiist aa alfsotnm 
lQB«»aBitiaii(ar» ateeoniitai flioap&oiodaia ana to atoajr tta i»ir^artiaa 
aai t ta a^I ioatioa hy olaetr^i mte^mmi^ roaottoaa* itai»ito ailtoata 
tiaa %%m proparad mm an inotifiAio toii«<aEot^ iMKar oa i ^ t ^ a aaaibar 
of i i f nfma bavo %mm iiKMi»iiiaad to aui&a I t aaieotiva toaas^a 
eortaia fiiatal ixmrn* tlao allioate tiaa h»tn asmtliaaisotf amM aorptton 
of ligaada m i t liaa ba«a attulied in tlia a«»e i^ ay nn ttiai for 
•ti»tttio aiiioato* Sino aiiioata mmtt fotaMl partiouiarly uaefal for 
tile raoovory of r t ( IT ) froa difformat eiatai iona* A nm elialata 
ioii«»aaiEobaiigwrt atMosio diotliaiiolaitliia« hm baeii ajr^tlieaiaad and 
ao«i»tiaa oi^aoitr aati applioaiioaa h»ve hmtm ata41o<l on i t * A 
apootraptiotaiiatrio natbod IMM boon ^vaiofoi for tha Qaantitativa 
aatiaatioa of wmmAim Hr 
r: o 
t« B*V«B*ftt *ftiyHiteat and obwdloal «itli<i4» •< MparatiMiVi 
WeOffwxrflitl 8o«ii 6«np<Mi|r Iti«»t lAn i^Oii (1$63}* 
8* lk« MAonA l»oofc 0t MMMif atdansy CliMpi«r i5» v*r«« 89* 
5, 8*A*Ari9totU* worktf 7 (li^ttt 390 B*€») 939l>« 
4« HtS.flriMiiiaQiip •r»li^*Agr*Seo«iagl*f l i t 60 (1890)• 
$• Jf.U^m^t i1>i«f i t * ni> (t896)| i3« 123 (1898). 
6* H»Ei^ont« l*afi*Ai}ii*ftiy»«Clt»s«i i09t t®^ (1898)* 
7« r»flani« ftiyi A*8iMtI«ry ?»ia««tii«soii§r»Mif*«iig««*f>iMiii«t 99 (1903)* 
8* «l«lMrii«ii;« £«i«iit^»<ii«Qo««, aSy 399 (1870)| 28» 519 (1876)» 
9* G«Vl«8i»«rt 4mlmwSmir%»t^$ 60t l i t * 197 (1918)* 
10. E«Gafui» ilMlif1^»rr«tt«»«g»oli*Liai8«»iiit«t»ll (B«rUzt)> &§§ 179 (1909)* 
11* CvKnllcmat 8Vitt«lc Wm»fHiakrt %3t 99 (1931)« 
18* n»h»Aamm an6 E*Mlo2aMi9t 4l«sc»e«C^««*IiiA*(iOfUioii)i 9^ « IT (1939)* 
13* 4»Jf»WmnA eme 4mf»m.tH^f A»al*OlM»a*, 4i7» 738 (t979)« 
!%• 8»IUill8»«l« A*V*Ad«i»90ISy ^»S«l»1^*ri cad 8«S*80rAt U»3«A«S«C0ail»t 
mqport <ll»908 (19%9)l 8»U*iMtoo» V«8«0o«|i«rt B«A«rrl««t 
TtJ*aia|^I l«« l«8«A«nt 8*A«8ft»ilillflMi «MI B«H«Tiirk» 0IM^33 (i9%9)* 
19* I«S*e«ink«M8» S^AfVlaAS tli8*l8i«iil«t» 19t 96« %8, 689 87* I M 
(t9«S)« 
i$. 4«rmMqp*rtt 8tNi«aiMi:i« At«(Fr«iM#)f R«pi^ t«CBA»ltf 8839 (t966)» 
17* ••r«ftll«vrl «»8 UI»ftt8»ir«iiit X«ir«AlK«a«lf«iAc 88im» il«oil|att« 
Muter*, I t 108 (t989)« 
18* ••X*8«v»I*«iv« an« V*A*iilB««vt tr«ai»«k»Kliltt«f«aHbiiel«xii9t«9 
%3* m (t9<9)« 
19. tt,Hai«i*»ltM •»« V.f«lHtirtk, J,]»oi«*llQtl*ai«i«, 87t 1%09 (1969)* 
c J 
m» Qcdiu^iMkM «ii4 V.IvfllMWMHrrt 0^»lfMntiiA•millet 159 39 (1970}* 
81« S«itfirl««d «Bd A«OfiBif«««iii J«Iiii»ls«llaol«OiMa*t JA$ SM9 (1970)* 
18* I*P«^r«iU» ibiAt ai» i%d9 (i966)« 
23* ^•Alb«rtMmif 4«Attt««(3iM«^«tt4»t aO» 1489 (i96$)* 
3%* J»llllri9ii» ll*fyin|^li T*P«luir»lE «iitf VvVMcly* J»RMli««iiaX«(3i«ii*« 
9%» 361 (1979). 
23* A»Cl#ttfiri«ltft v«L«0ii«i» J«lf«6iurtt«« w^ a A«8»ii»«ia«f «r«Iiii>si»lfael« 
Cliwi,t 31, 31^ (t978)» 
8$« GcAUi^nti E»8«rtriN»ii w*0Q9ti»iUii« ana 4l*r«6i^t«p il»liiofi*Hiiol« 
Oli«ti«» 39t t057 (t9tt)* 
27* V«A»P«rtv«s«iirtt maa E*i«0oteliiit<rv»i is^vPriiel.lQtite <l«al«r««)» 
40, 2679 (1967)* 
28* D.cvjetteaiiin mm H«9flU«, Bull •Sonfs Ktdriefo Inst.Ntiol.soi., 
15, 73 (196*)* 
89« K*H»X»iitg mtd X . IMMI, 4*aimMHite8r«, 399 101 (1969)* 
30* l*II*X«ii8 »nA Wjai9ywt ht^m^wmtiB^ 11, 875 (1969)* 
31* K*8*lMil< aaA ii*8aiiftf«r, 8t«le«iil««A«t«, 1, 813 (1963)* 
38* 0«8»liir«in«lilk «IMI stttrs^liMit*, tMl«4*8v»l«tv«tttt«oliii«ii* 
mUHmUvoMm^Mttvk S898*tii*«#ris*mia«, 198 <19i*)« 
33* 8*84l»l«lil»«ftt Mi 8«?*Sfe«ritoK«f»t ii*Fnkl*ttila«<iMiiii8n8)i 
39i €7* (1969)« 
3l« i»I»iol«lilii8nni iNii Ta«i*«6i«r*lov«f liil€», 40, 1833 (1967)« 
39* lUP'*8rlf«vlili ilia 8»A*KiaM«t««v, ir)i»ttt»l«ftlii8r*Piilv«, ns*Xlite«, 
1*9 (1969)« 
36* «l»8,rtm« ami t*81lcl»88lf 0imt*awi8«A«a<l«8el«(rMn»), s«r*0*f 
8 , 86% (1967)* 
37* A«Ol4Mrfl«l8 MA 0,i>«aHtli, aamn*»mummt*9 39f a n (1968)« 
»> ^J 
30, 58% <lf6T). 
39* A*el*artieid and R«E(*Bl«««ingt Jt*Zi»ois*Hiiol«Gib«K*, 3%» 26%3 
(197a)# 
40* StAlirland, J*All>fl(rt«»«3«i» O^Kitiigiifia audi li*Mi«oii« Aiii« CSi<wi* 
^find«« tS, 707 (196%)* 
%1« K«O,O0iporc^  and E.S.Bolehlnova, sSul^rikl.Khiis (Leningriid), 
lift 2tS6 <I968)« 
kZ. K*\.Kramt l?*s,rat«»t*« 3« 38S (t968}» 
%3* M.K.^ttwiii aod A«if*a«Ha«|, J»Clir«MMt«tr*t 33t 6i3 (1970)* 
%%• t»7Minka and USairtaat Pr«a«St«(md liai^arlaii Coiii«loa-aae#iaiig«» 
BalatonssEoplaiCt 2» 627 (1969)» 
45* I.«0«$fad!iF&»y «r«Inoii«lluel*Cb««*, 28» 599 (1966}* 
46. r*P,taiii, P.sim and K«t,Ct»aa» eua»H»i)#t, 33 (i945}« 
%7« t^fmtmm* F«Sai i^d s:«T«Cita»» ll>ld», 9 (196?)• 
%8* ^«8«0IX1 iiiid 8»N«fai»loii» j^Radiowial^Glias** t3t B t (1973)* 
%#• B*Ball4^at !l»Z*maalc and ll«K»8Mila)M« Indian J«C%«M«, 
l i t 580 (1973). 
50* A«US«var»o and N«t,frtaajy JvlnafVAlliialaOliaa.t 3%, 3893 (i978)« 
5i* 0»AllMrti asd t]f»0»ataaitiii»f J«OunMiati»gr«t 50i 4^8 (1970)* 
5i» A«K#Dat J*{!lif«Mii«8r»t 18It 63t 73 (i9'74)* 
53* o*Albar«it 4l«lBaii«!fii9l«lliaa*» 38» 1719 (1970)* 
9%» N«Q«ra«bi and v^HttMin, jr*ckia««so(i«t (A)» 1S!0% (1970)* 
59* M.QttratHl and 8«A»ifallit iMd,» i39 (1971). 
%m Balftt rataattt 6%9ff 589 (196%)* 
57* S*lfialial and A*«Silaa« s,ilat«rfar»oit« 8«» 8S» 1100 (1967)* 
2»« 571 (19^7). 
99* 0»I«Xiiffi«tOT md 8*A«Pavloinit 7r»ltt«t*nii»«AlnHi*lMitiie sssSf 
tDnl.FiU«I« liO» 75 (1966)* 
60* Jf«Pir«tt J«ll«Biir» QvBdieo and C3««tid«t» Bitil«$o<}»ctila.rr^««t 
3590 (t965). 
61* H«OoU<}Uft aod r.Qtttoottii, Tr«v«ScM»ni«ra«liG{iip«lUer.» a6t 355 
(1966)* 
6S* l}»CHii»o« ana Twittkiiiaitly Oo^pt*Rflnd«Aoad«Bel» (Paris) Ser«C*» 
270, 1833 (t970)« 
63* s*AllaI l i t C*rerr«Kiiiaf A«l« rfiii«itra« M*A«llft»»tieoi una 
N.7omi»«ialp 4l«Xnorg*Niiel*Ch«i*t 59, i045 (t977)« 
6%* G*Alb»rti aad fi*f<irraoett, IMd* , 50, 5075 (1968)* 
65* fivQaraiitil ami s*A*Mttlil, It i id*, 5®, 8059 (t970)* 
66* lf*Qiir««lait J*l»*fittwat and V*!3i«r«a, Tal^attta, 20, 267 (1975)* 
67* II.QiiMabt, H*£at»ra, A.MaHi i»d V^Wmmr^ iMd«, 80, 609 (1973)* 
68* NvQoraaiit and VvKiwaf, JF*Ctifl«*S(Mi*, <A)i 141^ (1970)* 
69* J*S«Oftll tmA S^*TaiUloit, J*lladloatial«C^««*t 80, 5 (i97%)* 
70« il*Q«raalii and H*s,8atliof», <l,aie«,see*, ( A ) , 2519 (1969)* 
(;il 7U if«Q«i«alki and J»P,Oi|pia, I1»id,, 1795 <1989)* 
78* N«Qwptalilt K«Q«irarvli»a]r a»d 7«ttt3tt, S«]iar*sol*, 6, 559 (1971)* 
7S«s.ir*8wai»» AMluais, t , 31% (1978)* 
7%* HtQavaaMf B^mmmt mm 0*s«natai«ffa, Anal*Cli«B«, %4, 1081 (1978)* 
75* M»4)nr«aiilt KfO«VaraiUMy and B^K^KattrmSAia^ CMi«<l«OlM««, 
50, 8071 <1978), 
7 i * Wftalriat and I*«saltiiMif JtCHyMMtdgr*, 108t 105 (197%)* 
. f ^ : 
77* IC»l!*li«t«r| J*8a«ti int A»8«B*B«^Eer tmA V«liild« 4*Iiioiv*]fiMl* 
<auNi*f &9f 815 (1967)* 
?•• ff 6.f*!»tMii ttiid i>*H«8«xt, UiAian a»T«efeiiot»« Ui5)$ ao4H»6 ( t ^ e ) « 
79* K«]!*Boali «»« K«ll«|«» Jf^tmmJStwUOkm^p $$» i t 53 (19«7)* 
80• g,fi«Uir»«it tmA v«A,GtU«3rt ^.m^is^lvn^UCiMa** 301 287 (19^)« 
8 1 * n^ramtti m& r*!«hir9» A«ttbl Q«ra»ti icocyo Gljtitttti stt«r«t* 
Kaikwaiya 1 ^ flo So Eat !«» 963 (1968). 
88* K«ii*8:oiiig flttd E«MtyB» j«iiiof«»)ftt«l«C!b«««» 29f i$ i9 ( 1 ^ 7 ) * 
85* 0»Alb«rt i , tT»Co»taiitiiio» F*M«Or«i;c»rlo am itTorraenat 
il>id*» 50, 295 ( i968) * 
8%« R,G«r!»ma» a M A«cU«rf ie iat tbi<S«, 38« 853 (i976>» 
89* K.n.Konlg md minwr F»H.Gart«n, «l*Cbroaat«igr»« 103, 193 (1975)* 
&Q* K^UWmig and €,KaliUit«ftii, <7*Za»ng*irtM»i*Clie«i», 31 , 1179 ( 1 9 ^ ) * 
87« 0»Alt}«rii , U«c^8t«aiiiio, r*!>l*air«gorio and B.i^orreeoa, 
I b i d , , 31 , 3195 (19&9)» 
88* L«88t»iea sma L«Sisi.riaft», iiadioekia««ii«^leanai«l^li»t 
18» 27t| 17, 257 (197%). 
89* SvXftSi'ivaaiiiMi a»P»Siiiilii, S*Afirav«l *^ SAKHMT, J*»a«l««»al* 
a i # « „ %O, 7 (t977)« 
90* 8«ll«Vtttt8flB flid 4»8«0tl l f 9iil«Mi«» 19, 1355 (1978)* 
9 t , 84r*T«Bi«tt «a8 J « 8 « 0 i l l , l l i l8« , 80, 585 (1975)* 
98» 8»Alli«rtft9 0«a»attfitlM», r«01*Oiniiorto and B«l«ifvatt««, 
^•XMf«*l lMl*(aia«*, 86, 88%t Ct96%)» 
93* ir«<)wpitl>i, 8«lkiMir aa« K«i>t»B8tli»ra, «f«0lia««8»e*t(A), S78 (1970)* 
94* l l ,Qw«t l i l , 8«nnar and R*s.liatlittr«, t M 8 » , 19i6 (1970)* 
99« M*Omaiit tmA J«i»«8awaf, ^•fiMf|*lliial*Ob««*, 30, 305 (19<8)« 
9i« ll«Oanitiil tad C^CTaratoart 1 M 8 * , 30t 3081 (19titt)« 
t ^ v j 
98. N,Qiir««ltl MM s.A*ltetit» falMitiit 19t t033 <i978)« 
99* ll»Qiif«»!iii XiG«Var«lia«|r sad A*B*X«r«iilt «l«OlurOMatiigr«t 
99. t * l (t97t)» 
too* it*Qiir<^tlii t S»A*lfalil and N*x^mi, Oaii»^*Ciie«*» 
tot* (r»T»ii«»al ^ ^ l>«n,8«iii» l&dtae J«fBi»liiiol«t i6(5}* 3Di«-} (i978)« 
t02* t««aitrt9«t h0tminkm$ K*B»i;iitH»r»»lni and B«i:»Xafa9 Aat« c%itt« 
Aoad*B«l,, Hms*, 9%t StS (t967)« 
lOl* T*Airlyaan ana X«fioiili9t ^•Iii<»flEftKiiol«Ciie«*» 55i 2971 (t973)« 
10%« B«Betteri^e and G«B*Str«id2i»Sf i^ld«« 29» 2652 (1967)* 
i05» M.Qityoshi, E.Bteer and n,s«ltet&ori»» Taiaa«a» i9» 1577 (197S)« 
106* w^fl.MiiIik, S»i:«Sriv»atavai V«if»Bti{iiidari and SvlQanart 
4*Ximri*!liiel»Cti««i»try» 58* 3%5 (1976)* 
107* J*f**r!aii«t and I>«S«1!tlndt Can«4«G «^ii«» 5%i 109^ (1976)» 
loe* s«&,Qral»ir and V»A*t«i«sin« itti«Ma««rin«lhiii*t 15t 1135 (1968)* 
109* il.PAtiaifai imd il»P»mng£it Can»«l«Cli««»t 5if S95% (1976)* 
11#« J«F«iawat and &*K»slngbt ABai«Obi»»Ai>t«t 87i 157 (1976)* 
t t l * J^»P«iiaifatt T^fiMtaan and B^ BbaaiEary Annal dl cSilmlaat 
l i t , n«r,WtHan« AMil*€liaK,» %8> 868 ( m 8 ) « 
tl5» y»K»ttrl«i ^tltaia moA 8«lilIUaaft «l*t»ori«lteoi»Cb«B»9 S6» I t i l 
(198%). 
11%« 6»f,Daaal Mid »*fi«B«ii» auttan a«TaaliiiaI«t 157«9t f»I«17 (1979)* 
115* BtXMiaaraalii and Y*8a«at Bi8y» Wmwkm 8aaalii« 75f 69S (1970)* 
116* J,A,»l«tlaat i;«8«Pai«iit» % «99f 557 (1970). 
I i7« J.P.Ravat and J«r«8la«li« Qlur«Mi«atra{»ikla, lOt 965 (1977)• 
118, ^.rtiiaiiat and ^•F«81n^» mmtU 81 Ohlatoa* 66> 585 (1978)* 
190« N»Qw»«iili 4#F«ilHpt« ami nflli«i««t Amil«Cli«»«i %9» 1901 (1975)* 
121* ll*q«r««ltlt J*i>*aiiir«t mnA A«p«fiii|»tft« dr«cbromit«Kr*t 
i lty 1(7 (197€). 
IMi, 231 (1977). 
129* Jf*P«Gti^ t«t t)*ir»]M«f»ll9 II»Qiir»«hi and A*r»Gapta| J«Xaort»litiol« 
C!b«»., %0, 5*5 (197S)* 
1&4« a*KrStllt IbiA., S7» 1862 (1965)* 
1S5. Wrf^Baottle, V^rm mymk m& BmHvgmt Ibld.t 27» 685 (1965). 
126, M«Al>« atid T.lto* BiiU,Oli0«»So(i«Jttp^« 41» 335 (1968} • 
127* f.r^kartk, V«ir«sK>ly tind J.OUrleItt J.llu].l«soo*ailiii«rranQ«i 
itM (I9ia)* 
128* a.iOrltil, J.Chroniitiicr«» 20» 3i* (1969)* 
129* JtPcfiiwti and K»P*stiiitti aircMitognqiblfiy 
130« ll*<2ifi«tlil» K*6»Tar«lia^ «iid P»lli«»f JtCtrmmtogr,^ 
«9f 917 (1978). 
15t« S^Wtmmmar&f if*Xtiralim IIIMI CS^mtoicIt AttfkI»cailii«Aiita» 
*9f 3i7 (1970). 
tSSt 4.Wmmimt mvA na^$mt^ j^Uqmmemmtm'n^Tt (to n « M ) . 
i55 , Umqaantlki »m R.C»»iiwiiiiit A^UCb«»*t %9(1)* 165 (1977). 
15%. taMiiMiVtttlUV, mea «»ai«iicrr«» G.lf*iiA41oklil«&y«t 14»» I»I8 (1978). 
159* I«X*Ttnt«rt 8»s«soloiiftiioirtif ir»8*fi»rl«ov« MMI R»B»Cb«tveniia, 
tfi.l>fl8iel*ttil««, ^ , 8i9 (1975)* 
196* it«0«Utlk« im& CBmaelcy, n8tdl<Mili»a*8M«ii0i«l l # n . » 
18, 325 (1979). 
L^O 
157* N.fMoroff « i« I*.IMV«v«, C.R«A«««.8«t*S4Nr.C«» 875t t i89 (197S)* 
1S8» 175 (1976). 
1X»« VtO^Plalikt &riira»uv» ttiitf 8.Kiai«r» TalMitii* 23, 5^3 (1976). 
140* ti«Q«i«iiAi« S*KMi«r audi R*C*Kiiiiidille» S«|m«Sei«t 
!%!• Al.Suktit M.fteay ll«t»riB*OhMi*» k9»5J (1973)« 
th2» SmK»nmmi and S*1l«S«ii^ A I I R 1 » I « U » , S ( S ) » 585-90 (1975)» 
1%3» A«A*ll««al«&raiif Y«B«9SfoiAto<»int0tEti and 6«A*I»ay«it Af»«KlitH*lii*» 
29( i ) f «*-5 C197«). 
!%%• ft.G.safiiiai E«3«Boielilit«vii and lt*E*D«alaoimy ^•f»rlkJt«Xlite« 
(l«iil»gra«)» 4%(10)t 8397*9 (1971) • 
1%5« T«V«Volldte|nt S«A«Kolea<»V{i, M*V.2Silbai««a, l.*X»P3rlchtliiet 
V»V*Tat«ii«v aiul A«V«Kalyiaitmiri9 zb«i*rllel»Klil«» (Laaingrad)* 
%9(8)i 1728*31 (i97$)« 
146* V«!lciQr«ii» mpdtii Hoa Boa, i%(4)t 19*21 (1976)* 
1%7« 1l»)l*Ma«ye%lii» I*A*Xii«la aad A*A«Bl^Etiiii, sti»Pritcl*8lila, 
(iaiiiiigr««)t M ( t 9 ) i 28U«13 (1973)* 
!%•• 8 « o « r i o ^ a r t f lt*C«Ne£arrr and lUC«Fiak» Aidvaii*0h«»*s«r«9 
l e i (iiol»si«v«attni,C<i«f»3«4}» 509-1? {1973)* 
149* S*S*Bol^liiov« and tl*o«Oaiparot ife»FrilK2«nhSa«» (Lanmgrad)» 
45 (4 ) , 749-8 (1978). 
t90* 4«F«llaif«t and M.S^alf AaaU 01 CblatiOii, 69f 841 (1979)* 
15i« A * 8 i « i l , N.Qgawa and lURaalitswiat Talanta, 26, 189*198 (1979)* 
198« r»Tani«ni « K^,»r«f S«f>«8el,T«eiiiittl,» 13(3) t 873*6 (1978). 
193* il*N*lCln« and J«6*rrtts» J.OiraMftatoftr., 193(8), 507*16 (1978)* 
t94« 8,^,Rl^af«a and ^ • 8 # r r l t i , /mmUmm*, 90(11), 1904*8 (1978)* 
«; u 
159* S*EiU«ki» H«Hii»i«lui aotf a«Ji»l«tc« l te t«r , io i» , 5 ( i * 8 ) t 
5 > « ( t977) . 
156* r«ir«rtti>ii •»« m,m9l—p Ait«l«Obl«i,A0Ui«» 79> 289-36 (1979)* 
t97» S«8fnttl Mid B*8aii««Bif iyMtl«GliMi*» %•« at879 (i976}» 
t9S* «l«lii«s«4i9r» **Aii«lytieai Ap^Utatlont o t Xoii*BK«li 0ag«r*% tat • d * , 
l»«i«flMOii Vw—9 186 (t966}» 
159* B»ll«lf«ileiit n m i i8s«liftBg«% M«Clraw»IIill Book Co*» Mow Yort^, 
(1968)* 
i 6 0 . A«Cioftrfiiild« «l*flby»«c&«tt*, 74f 857i ( t970) . 
t6i« S.Albortt tm& s«Alitil iU, J«Cbrfw«togr«» 38f 379 (1968)* 
i62« 6«Alb«rll and K«Torriioo«« J«Ii»o]rg«Niiol«Cli«i*« 30» 1093 (1966)* 
163* t*B«soiidoU» •Oeioria t l r lo dotontinotlon of traooo of «ot«la*t 
Itotaraoianoo f»olill«ati«n« How Tovic, (1959)* 
16%« F*0«$Mil and C*t*snoUt "Ootorteotrto nothoda of aoalyaia"* 
VolavXf Xt$ IXX A X?» D«¥i0i Noatrand Canffaoy l^o«t Naw YOit 
(1959). 
169* 0*r*Sallat •Oolariaati le datafntnation of iioii«4Katai«*t 
latoraoiMMo r i ibUA«r» Xtt«»» How YOrfet V»l«XXXf (1990)* 
166. 9»r.Volte M d N«G«iia2l«nt iUial,Oli«M,, 4i6<9)t 887B Cl97«)« 
167* S«r«Boltt md M«6aioIl0Bt AnaU(%aai«» M ( 9 ) f 8i6R (1976)• 
l i t . s*r«B0lte (Mi M*G.llalloitf smmUmmmt 90(9)t ft ( i97 i )« 
iliiiinm • ii> M mill i iwnn 
SYNTHESIS OP ztwomtuH vmspmtomw mp ITS 
Vm AS AM EliECTfK»i->X08.SX;CEAK6BE 
wamwa% w ummam mmmmmm.n am ivs i^ e 
AS AM 8ueTwii.]»«.nauioni 
lb * «Balartt«iil Ai^pIlAattMM • ! Urn mt/ntammf «i« iafortont 
mufl mm mm *r» %«ing a«ti'r«l|r 4ifr«l«p««« Qsi4fttl«A is «n iKp^rteat 
pvoe«»s In MMtiffB MmafMtarlas tttdii»tii«i* A* «li«y mtm itt«<»iiiii« 
rtadily MiMiMtta IMS in * •^•t«ao«« in M»ItttlMi n t ^ iiiit«li «li«y 
!!«¥• r»iMii«d ana tliiia ao not M O M tb« latarfaraiiea i^iali ts 
OBAiro&daikla in e«MNMi raaoB syaiiSMi* A atmrasr mf Ht^riktarm iriioira 
tliat •l««tr«ii «B«itffag«f« b«v« not b««s widaly m^A for mtfOK piirpo«««. 
fha •I««te^eii «i«ii«ag«r iMia f i rs t Amralopod liy Oaaaidar (t)» 
I t «Mi ti« statod «lMt tuo of ^ a f laMlawMtaa partittlaa, tba alaottwi 
a»d ^ a i^^tan* mm hm navarafblr asaliaBfa<l %a«va«R fha aKabangar 
aM aalvtias iliaaat* laa aaalMiaifta ffaataa kava liaaR aaatf aa aUatran 
aMiMagiHra (t*?) aM aa vaMn I M I ambMitara (8*it)« Maw iaaiiaiiia 
l«tt aMiMAgani iMraa alat li«a» iavtJbayai M l a l r ftn* aa|Nif«UaB 
liMpaaaa «Mi ttMrtr MMlrt iaal i a f r taaa t iuw Haaa iwiavad (lft»t9)» 
i ltt i iaa an tlia a9»It«atia« mt laaisaBia I M I MMbaagara ta ladoi 
vaaattaaat iMNnKvart ara Wftanmm ttvaaBias «algrMata (t%)t ^raaatHi 
•atataivatata ( t f ) aai fav atliain (i^iB) iwva »aa« ataiiatf aa 
alaatfoo $im aMiMMgara* ma atwttaa m aiiaaBtoa piiaaiiiaiaiata aa 
a» aUatfa»*ta»' atrti angar tarn «aaart.%aA la HOa ilMptar* «ia 
C O 
wma •ntlMMqrdXX) k«v* hmm <i«iatttativ»lr Mlii«v«t ^ tiMMLr 
»: v ) 
fluruOODInlkl* mSBMBmBBSSSmSm 
fOtftSdiMi i« te t« (BSB) «»rt »Md« A l l •tfei«r «lb«Bl«ll« WMTft ttf 
AWMamtfii ilB •l«««ria«llr ttMptJratitr* o«tttx«ll«a slOO tNdMr Mitf 
emidliii«B» gtvm in tmhht 8* Into ibis* « Mlmtltttt of sirooaitM 
•o iibtftt»«4 wm& iMipt •tttBAtng for 8% li«ui« m% wmm tmij^mtmtmtm* 
pB « t^t»tMMi«« I f anrt «•• "M^ A* ^ AA^ Haft tisNttnooiilMrlii aoid ttr 
•AiUvi ftjNbfoaRlAi* fh* |V<ioi|ii&te$# wis f l l f#i 'M MUl wsiirtiiiA* Viii 
f i l t * r« i prtAwt «»• tli«n «ri«a «t %0 e to • t«q^mitiir« •Mit9»lMi 
•vwi* fto mtkm I M «Mii«m«r to 01* wmm^ t t «•• lecyt to III i^l ^r 
to «•• ktyl to • iMHito mUM&m #f to« •wnrMponAtog Mttos (•«!• 
^ J 
vmmn 
snnBisis w SIBOONXIM rmmmtomfu vmim DxmtwsKf coiioifXOMS 
"I I 




























t t l t l 
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•ptmtiMi* iNM cfiB «t «B«lMnf«r la ^imn4^ tmm wtm pimmA «i HM 
f lMS « M l oiypHrt «f ^ # oolwn MIA tti v«dl«i »ltf»t# Mrlntlttt «•• 
Hui fltw ! • $ • •§ §iUMbm ot 0*S»0*i » I ptr •Awitt* Ih * «lil»il4« i • 
Ihwi • l i *« i fiPMi |h« •»I«M wum tet«nilMO Utrlaptrloallgr Hjr 
IMIir** ai«iM« (19)* «i« fwttlta •!« gt^m la titola 9* 
kMftag I t la • aftlaliaa of OaCOB)^  aaa talMa la tlMi 
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B^lMiim wtm pmtmA 1Mw99$jk it* Oil«i«M tmm e#ll«et«« la itet liMiiiNr 
«t«iltt«t«iMi9«tto • « ! « m l i i l i t i i * tt# ««»«lt« mm f9—«m%9A l a tMi l« 1 * 
Mffii'iilKiiiiWMffMKBiiiiWBBWiTiSir .W mWitiwWiiWIl'i iWw* *r*9 s w« wmTBuiii^ r^ m 
WSktfiNM MMlil f l i B i a VMra ildMB HMIlf BfntllMr VMElaWt MlidUMI o f ti9t« 
MMMi&iMiA aaliiBiMHi« 9im f lai ini IMMK U I M I ****^**» tii • atmirtif MUI^AIM 
rtllftf IMWB HUl telaJL BBMNnii I t f BMlBt iMMf tsftMl ^B 1KB tito BBBJ^BMBlf* 
flf^^^B JB^SNJF wBwi i|F(|B ^M'w ^F J|^<HBV ^|B^B1|^BB ^B^W fW*^B^Jf ^^^P'^P M B W^BW^BF jBr"'^^WB^^B""'B^(B'™ i^ B^W 'WBI^ '^^^IB ^ ~ l P 
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> w^^iwtf f i i ^ * ^ »t, I4fffy^i,,iri 
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$M Ot* fMNi «»• mriHi at «tff«vmt tii^p«ff»tiif»« fi»r ^vm tmmrm* I t s 




UKBfM maHAlKIt 4UIJPACI9T At WOTfWlWf WCfWfi t&^WSAfWSSB 











ili»««liiltMi ttf ttn ooMiMNMiiiii la imrtons 9f9%«mii i«t ••iinatttdi* 0«S t 
• f lli« iMli«ag«r in &r tmm «»« tlialeoii witli SO a l at «9iitt|«ii 
•WMHinMd at 99 j ^ i 8 f»v 4 tioitm* Hi* •nimnifttMii U««it4 «»• amlati 
fli« i|w»tiiaHv« i«t*niimti«ii • f flMNq^t* «MI tiKosiitiHi ««i« imii 
a»iiM« Cio) am nm tttmiiM wtac sri«i*»2 «n«c« uiMmA»T 
•tiiMA (St) ineiioiii^iy* i«ittt «•• 4*««iMiMA iQi«Mtrt«iiiir %r 
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i t «« WMtttMl |IWH^««9l9M«t«« tti« «»]l««t«di ti%%nt» MtttelMA 
i«4st« and i ts «itiiMiti«ii mw write i«4«i«tfi«allr* flte onOissfflvsd 
9«rti<Mi « • • iittit«A mnA nnigiisa • • n^^* !!»• VMiiIts mwm i»|i9rt«a 
in til»I« 8* 
m^0m ttai^fft Oaiii««ti«iHi • ! •«•• «ii4iMibI« tmm p^mBmmim Umat 
w«im pHtmUmim (M) tium I9d«t«/I«iiiui ii«v» 1i««ii mwft^d out* Hi* 
•ftlntiMis 9i As(ZXZ)» F«(ZZ)t tl(ZZI)t 8n(XZ) Mia flb(ZZZ) ww pi«««tf 
diMMtsr 0«$9 ffi* Hi* «4iIaM l«BBt^ vMi 6 i * * fi(XZZ) « • • «tt«niid»«i 
titilai»^n«iiZlgr ultii f»rrie w m i i M sttlibat* (S5)» m% m»m% of 
fi(ZZZ) •vtcimiZlir ^akm mimm Hi* AMHut of tl<ZZZ) fottii irilb 
tiiio aothodi i«vo tiM oMUBt of ft<ZT) ttmmA %f Hio «ioii«Bgor« ttsoo 
flBMfeUMNlOV flhOHO Ml OOtiMI UMIMMIBO OMMMlitlf itt OOiAiO SOAiWi tbO 
f t i i H i l i t r • t PftoatlMi of aiioZ iOBo fer ^^ mMkmmmt U mlod out* 
«iiioviio (8%) oai i r tikt i»miitio «t^ iod {$$} •m&999Uwir* •K(ZV) 
I t luio %oitt iOMit tiiot t i t« i i« i (ZIX)t if«tt(IX)t «r«otti«(ZZZ)» tto(XI) 
«»i aa t lM i rd IX ) «Pt iiwatoifoUr tBtiiooA to ffl(Xf)i Pt(ZII)« Ao(T)» 
t i ( I V ) oaA i^CV) VMfootiTolr* 1 ^ foimZti iNitoiaoA ofo larooootoi 
t» titelot 7i i f f t ift mA i t * 
4 /' 
ojczmfXOK or tamin} m xmmixn} 
<•!—«——ii|i tmmimmmmmmmmmmmmmmmmmmmmmmmKmmmmm\im\inm»''-mmimmmmM«i MIII.IWIUW iiiiwroiiini • itmimmimmmmmmmtmmmmmmmmmmmmm 



















































JMMNit$ 4Kf MMiUKn§Mr 
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1 1 1 
J^^— • — 
1 1 1 
0 6 0 12 0 
Time (minutes) 
160 
rig. 2 Rate of oxidation o f Fe (11) to Fe (111) by 
batch process (Fe (11) taken - 6 0 m g) 
5. 
mam OP ^umnm w r«(iz) «& PI(ZSS) 






















lli« mtiilts of Um jKuhmf • ^ • « i i ^ wmmmttwtA is taifel# 3 
9M««MM MitM iK«lMUK« Mipttotljr la •et«i« «t«tt» wmA mttoa «Mii«i«« 
•pprsoiftt^lt 'varifttioii irttit obiiagt of diyti^ Him»«niftiurit l>*tir«Mi %0 
» 
i» tbis iwag«* rvMi fic«n» i i t t« iivl#iiit mm% ««tiMi «MbMit« 
«!• «h«Mioiil 0Mi9(»«ltioo t««olt* •iMmrlMa in ti^I« 2 iiiai«ai« 
tliai «lw Holar x»tie of l^F i I is tli« iKoiiai»g«r is St^ii. f l i* vtstiits 
of ^gS^lm 6 i»ftio«t« thai tb» oMqMMmd i t •t«I^ J« in aoti^rttl oMdim* 
BiSb oonoatttnitiotts of mm%Am waA Hoooo nolEt «ti« Mitorial looo otaiiio* 
mmwtmt^ fiio attoriiti ton Ho nootf in oltflitlir ooiHio ana aligiitlgr 
tnoio atdia vimoat aiq^NMiiiiiklo lomi* 
fHo KMnltn f w f l t i in Milao 7 i» i i liMv timi nban mm siwi 
of Hio iBoiMgor ia tafem mo aotiMtf wMfta inr low aaowto of iOMf 
for kitiior oiiwito • laifMr oolam aMot %o tokitt* moo tlio oolam 
potiooaoo o WHiim olootion ontianio oayaoitr vkUH atialar 4o9in«o 
vfiii ito load oM ooI«B lo«|1li o»« ia 5 M*o««i*^« Mion aoIatiOM 
oonti^ taiinf kigkor aiiamt of ioivono iono ofo p^ooii liivoogii OMO fnui 
Of tto oMkaagor o»lr MO «i io «iii«looi ana foot OOMO OH* onaniAiooa* 
Iko oIootiwB aMhamo if^mmtmm ioytnio on I N ooiitfation poiovUolo 
of tlio imriono foi«i ooagploit IMI OBlr moao loMwioMio oio onitfiootf 
I] <.J 
#f Hi* ml^g f«d«K iratiB* 8l«atf«ff« 9»Um%imlm • f MM* M tii« w9Am 
m&aip3m9 mm SIYWI ia ttlklm %% Hilt &• fartli«r 9miivmti hf 0«(lII) 
iflii#i ••old not ^« «ii«iMA 1i<MNi«i« <fe« wtOm f»Umtiml of «IMI 
e«(tXI)/e«(lT) eeurl* i« &t|^«r tHaa tii«t ef lOm loyx^ «o^pl«« 
msmm nvsmuu or SOME trnxm eomias 
" ' ' ""' ' ' '' ' '"f"""^ 
«——wniiii i i — I — • » » « » • — » — I K I I imm«<mmmmmmmmmimi»mHmmmmmmmmmmmm I I H I I I M — W I i •• mmiii nmmmtmmmmmmmmmmmfmmmmmmmt 
f t '* • H«i> • tm^* • 88* • #• 0»10 
Wm' &• f0^ • •* 0*Tf 
ej^ m 0«** • •*• 1 . ^ 
! • • ! • » Mtf i«k«« tttsrlr t lMHv« «• I M M I I tii« •tnllltorimi tm tii« 
%«t«b fTMMM* Btwvvwrt In «ii« •• torn «p«i«tioii «IMI •!•>» %«l 
fWAttloii #M(i ftnniwniil|r f w MM^IWINI uMViifilM #f ytdtMilMi1» IMI 
wlAiMtt yvMatt ( f l fBM 5)* 
wyililivMki MA fwlMMltHi iMMi%tt MNI wtxtA lAiHfMis dvwMBdlni lflAl#i 
24 .0 
fO 20 30 40 50 60 
Volume 0 f FerTD us solution (ml } 
70 
Fig. 3 Conversion of Fe (II) to Fe (J 11) by column 
operation 
55 
i t t« «li« io««t« sr»«|it vttii i t s l e ^ g viMai ««t9^t i(i»i«b t« 
I«Sp«Nltii%i« f o r OOlltfttllMI prMMMMIf I t i * SUgg^Stfttf tb« t t « t e t « t « 
%«ttA«At t M iM«t« « • • • iMt «liaiig« i t s phm9 b«t t«lM« part la tii« 
ei««trMi «K«baiig« pr«e«Mi aee^raiiit to tli« foAloiriai ii«lf laMtiMit 
10* • « l * • J*" • 3H^ • f ig 
Iodide is «b4B oonvortod to ioa»to W oir oatidatioii in tbo 
pvmmmm of oit t lo ooid* Ibo oir oxidotiim imo otiiaioS hy Bortbelot 
oooorAIng to the toootton Wd • JDg • SKUl. at ooMni^t oUirataA 
toBpofttttito* In tho pgmtmt oaaot tbo a i r writetiOB aiao oooaro at 
lav toa^oiatofo aiaao BllO« aoftEo aa a aatalyat ( I9)t 
tg • SMO* • nj^ m mtWm • 9BK>g 
rwHianMMrtf • aalltf mt^&m^w saveara tko taaatlatt* 1lii» airaaaiaa 
•ixaiiaiaat (Mtaaatatai %r flNO^)* Mblaa T»i i aiMw ^ait tlia taaaita 
ava lapradaalUla* 
o O 
9* !f«M«il»]Mwdt X«N*SaI4A^UMt S«9«ll»]MMi and lS»h»Utty9giiomf ibUk 
5t, 51 (i91<l). 
9« 8*B«lfiOirtiint R«INIiii«w»f S«A*]lalEliiMiaov« mkA B*MtmfilBaWf Ibitff 
$t» (8 (1979). 
6* X4i*SaMtt^« laia H.UiiidcyMiovsit Itoidy %df 89 (t97t)* 
7« A*A»ifKttti«bywi» ••Bviaittldlovttsliii and G*A«XtM|ri% AiHgrH&»liliia*Jb«r«« 
a9f 81 (1976)* 
8« S«e«8iiMliliit &*B«Ataii«lMroviif S*B«mfllwv» 8«A*IMKbltaineini aad 
B*A.l3iiflMaMVt 0&fMii«y«fovaffiir*iiMikl« 9^i ^ (197^) • 
9* 8*iUiMiA«& and B«ft*8a»tt AMlrt«l«t«anit 8t 989 (1979) • 
10* t*A*tt«vtli«idto»i A.HicffiiatalaVf 2*r»Al#»Hiiidf4iiP« aM 8«A*Biibfiaia(ai«« 
9««lr f»ff<an8h >liaa»glitir»t 9lf %8 (1971)* 
t i » B^amumi m i V.v^lfaa8> fulaata, t7» 979 (1970)• 
t i « ^•Ia88t<i|r» "AMilrUtal AprU8«tiaaa at Saa BK«ban8«r8*t 9iii|aaMi 
19* a«F«WiltaiN im%0mm*9 ^^t ^ * (197«)« 
!%• 8«8»iaftatt9 B«8«88l«litaava m^S ll»8«Baniaava9 tti«r#9nkliM«MU»«9 
%%» 8997 ( i97t)* 
i9« B«8«8ai«MaM« • • • ii«o,Oat9«fi»f ii»i«t ^% 7%9 ( I97i ) * 
17* ••V.I^Iiililiit sw^«Ji»l««ov», li*ir»Bll]i«nM», l*,l*Fylil»tiiMi, yf»V»ftma»w 
18* s*o»rioofeiuirtt N«c«iiig«trrr «tt^ !t*c«mik» Adv*Gii«M«s«f-*t 
I 2 t , 909 (t9f3) (iloI«eitI«r mevm^ 3ff<a Iiii«fiiftt«Oeiif«fl^m««)« 
t9« 8«H«iiii« And 8*llataint "Qamtitettiro Aiitlr*^**f 3w& • ^ • » 
llQGi«iMlilI« }l«i» Y»fit« r*70f t9#8* 
dO* li*lt*fiinwiit *m§Mmr<& N»^e4« of Clb«Bio«t% AiMl^i^^y 0*?aii !fo«ti«BAy 
Prinotttoiit Itaiit VMlit p*9i9t 19<»8* 
St* ^•0«Biiil«r« aMl*ita»i«««t R«lQrt^ o]ii ana A«r«fr«itaMi»-Molt«ii«OQ« 
*OQiipriiii«niiiir# laoiiaiito 9umim%ry*^ 1st •dn*^ Pergnnon l»r#«)i» 
f»i«3t |»«*25» i975» 
82« x»lt*l»l^off 0tid R«ii«iQliffr* "roi«»<itrie Atuiljrtii**', Xi»teriioieiie«, 
Htv Dovkf Vtol»3» p»l^5t t957* 
87* aif*88t v«5i9* 
Si* y*B»2ff«fftilii "iMi aKib«af«% iin0ii»"ii i l l» ii«ir iwekf p»3$% t988« 
89* i|«V«lf»ll«rt •A 0M9««lMR«lv« T i M t l M on liMigiiot« sad 1li««y»iie«I 
llMal»tt!r*» itttfanMit iMMtottf f»l*8t p*3IMtt 1961 • 
t ; O 
siPAMmiH AMD uaooftmx or SC I^E N I ^ L ie»s USING PAH 
mmm xmc Btuckm AS oisiAfiiia B>if mmkmsM 
:J J 
m^MMtmn Am waaewmt or SOME KKTAL ions timii nai 
Vi«r« is • r«vtir«a ittt«Pi«« tmuaN^ tii* i»n fm^ang* yrop^rUMi 
• f siUttfttts (i«%) in VMtnt fw and lli«ir •nftlgftiml iflf»rt«i«« 
iuia 1>«iii 4«Mitst»ii«A« lte« «•• ttf «k«2aW ita «iob«Bg*v* t * i«««iTlag 
ttttcBiUn daring tii« !«•$ fsw yvats (9). «b« MlMt&vttr «Ni»et*fi»» 
timt of ili«l«ttii« iNMiti* viviMt tli«tr ottutjr ta B^wmml typ«« of 
•t|Hiniti«»« «f«r tii« 0Qiiinittt«wil !•» iBMiMHifs twitwi (6>» A nniiib#r 
of snob too «Mli«iigof« hmf ^ooii pi«part6 bjr tito iao^riperotiOB of 
ItgoiMla oe ro«l»« <7*9)* Booaooo of Iboir liigli oo^tootiiritr ^ oortola 
•otol ion* ^o laoo oao Ibo imAe for tfiromitograpiiio ooparottOM 
oftWMil^MiiMilar* dUroiM'tOttraBliy of Milttl ioiEUi no 'rtialo^Ani: iwitB, 
oootoisiog o tliioglyoolorlaKyBi^y^ fwotlMiftl giotip htm hmm 
y<^ ^Mrtoi (tO)« Btwovort oo oooli ototloo Hofo 1»OMI loyortotf with 
isofsoslo MMkaogovo* Hao oiliooio «•• oynitiooftaoA ood i t woo fotnt 
iho« «bo oovfilM Of WHM (i«»(a»irrt«r3^otM M|II«IMII> ovor i t 
^W ^^^^^^^^^ ^F ^W ^ ff ^P^^^P OP ^O ^POO l^^O ^ ^ J ^ ^ ^ O P ^ P O P ^ B H O 0 » O^^PTIO ^ W ^ O * 0 ^P™1 O B ^ ^^wfc I^^WIOP O P W^^^O ^W||p|0 "OOO "^ P O O ^ m O ^^^WgWOw 
•t«iio« ior llio oolooitfo OI^ POIOUOKO ootf roooooir •< oorioio aotolo 
fvoa voiy dilolo ooIoliMMi, 
59 
WmmmSBSSSSSSJmSSm 
MmSSSM,* t^^ AO nitmt* (BIB)» MAiOi s iUMt* msA it'»{9»wHarUmh 
»mwm^tk»l) 0111) WW iiMd* <Nli«r 9hmAwil9 «»r« •< vMgint if»««* 
^ p y f t i f i AH •l«etrie t«Hp«y»tiir» eoittroIl«d slOO tiialcAr md 
mmwwnmmf rtmp99tiim^m KHm pa wmtmr ao4»l I4»10 «»• iiMd li»r 
DR MMiiiinraMHNitoM 
awitil#»i«t A nmri^ or of MM|>JI«II of siiio oiUoftto woro preparoA tndMir 
a rongo of ooiKlitiimo gtwm In tidUlo i%* 0*aM ooltttloii of siao 
aitroto ««• alxod witli 0«tN 80ittilo» of oodiMi oiUooto Sn vaiyias 
r o t i ^ * mo lootiltii^ nHito pfooipltoto imo ieopt otoaatiNi for S^ booro 
ot rooM toapomtiara* |fi o^ootomtt i f onrt woo mdo ^y adding 
tirdvooHlofto add or aodltai bydtoacido* 1b« praoipitato naa filtaradt 
wanbod and diHod at 40*C to a toaipM^tmni owatrellad ovaii* <lii« driod 
prodoat ma kapt IflMoraad in a aoltttion of m WS^ to oonvort tHo 
aMhai«or into m^ fm» mo traatstMt of asmiiiantor v i m m m^m 
i s iayortanl ainoa i t inamoaoa tlio atifrility of tiM omIuinKor* 
GO 
tai«i% 
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S i t Sl©g 





%r tftkti« i ^ villi H M «K«ii«4(«r ana •Itttlng v i ^ iM ••Istton #t 
MMMiiiM •••tftt«« llviiA avtAl t«M wtrt titiiit«4 nilli A ••ItitiMi of 
VUII4S 15 
UGHAMIB OAFAOXTT or smo SXUOATS 
9U 
It9« 
jMt^fcWv^PM 4WIRK BMrtianc* eftpaoitrt 












f f c ^ — I f ta^t l i tn aoo m ^ ^^ maii^mmw ««• tiin^tmm with 80 »I 
• f tlM» mptanpwimtm •olvnat fMr € iMiiqni at tsMi tMi9«mtiir«» SUM 
•IfcyUwttftiwt—fti—titt MM «•§ • t l i « « i tiBtiwt mm* 4*t«niiiit« 
•fMiriplMtiactft«ftt lr %r atlylMlanis teliw nitiiotf ( l t )« I tciats MTV 
mm wmpmwimik hmm» 9km imUmm in fh« tiftl* Mttr in mm iMHnt* iMT 
IB aatf 81 mmai^lmA l» ao «I Mlmat . 
CAiliB i€ 
iOi48iafr or mm sxumifs m oirFBimiT aoumnts 
si» a»iv«iitii 
Ho* 
i * OMKliMraliMd wattr 
S* f^lyniMMiiuii li3r<SitHil.di»«6«5il 
3* Ifttiiimol 
4* Hiirfte aieidf an 
8* ox«ae •«!«• tN 

























Ml i l l in H^  IP—'*^**ft* A 800 m pmtUm pt tk« «Mli«n8«r V M ii««t«8 
In • 90 s i of mvm insU tor M M T I T tuilf •» iw«rt IMs V99itl««dl im 
liM iisMMilaUott • ! s l M ton* tgm tii« •tUM««8* Uno I O M timt 
vt lMMd Isto Hui siqptnMitMit Uttd8 novo f l lWr«8 •»« ^HMititatiYtljr 
ff»8l8«M» «»• toaittd maA mUfim M 810||« HI* f«i«iltt mv gtwm $m 
c:. 
g^» Tr^tBmtt iMlimfr «M 4rt«i •% «tfftr«iit wmNMmtants i s « 
MtiftU fmvMM f«r foer Hoiin* OitiM «B«binit« M]MMittr 9t mm grm 
•f tMli «f Hi* <lil«4 ymMlMtt urns ««i«»il»tfi «• A«Mril»«d MrUcr 


















fiwiiaitUfii in* fMt «i«« slM ftiUMit* kmvm • fim iMild 
tM l«tl«r* lliMli«tf fir»t «t«^ AlMiMiI aai tUM vtm i»ft«ttiMi wmUft 
C•^  
HM witat tons* Altobol and Allatt •olaiion «f • — o n f li|NlMKt«# 
«• Mt wiiM y«It«M •€ KAM fimi HI* iit>him#r# 
Otytribittiwi •ttt<i—i ntstrtlftiitioa oo^fiol«»t» of mmm wm%6l !«»• 
««ir» «*Wndtt«d Hy Itot^ ]pro6«8s on RAK o^oi^ oi aloo oiUoato* 
H • wBaSnTMiii^ BKiffi I IIIIIWBM' I i " i i iJBSB3BHI*y i iiifiyfiiTO* i f t i y 
Aaomt of MO^I ton 1B oolntioii iliftoo • J T ' 
HIO oaouBt of flaeiiaagor tnio 0«5 ff aad total wolmm of 
oqnililinitiiis ooiottoa woo Miliitoiiiod at 8S a^* Sibaicliis naa done for 
• ix iionrfi. Att(nx) ( iS) , 9t(IV) (13) mvA A«(X) ( i«) mro Aatomtaoi 
l>r a^oetropiiotoii^trio attfeoda* niiaroaa Oa^t Oa^, m^^ and ro '^ w^o 
aatlmitod voIaaatr&aaUr W VS/fk* Uto M irAloaa of Hiaaa lima ir«ra 
4at«ff«^oad in daienisad wator mm in a^&tttftana of dlffarant oanoontm-
tiona Of aanenta* flia loatata ata i^ioaantad in tabia iA* 
t 0 
ISABIfE i t 
13 ifAijms or msi^h msn 
ontimm 
ea^* 
mgM * # • 
• * • 
F e ' * 
• J J I T I I V 
* • • 
M?*^ 
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SMT m fiiadUMii«Uao8 iMttf 
A sl«M mlmm iUmUt 43 8% 1«8. 0*39 mf) vtt 






































0 20 ^0 60 80 100 120 
Volume of effluent {ml } 
1^0 160 
rig 5 Sefjarafiof on Au (III) - Fe (III } 











O.IM NH^ OH 
Ag( ! ) 
^ • ^ 
6M NH^OH 
^Cu (ff } 
I 
20 40 60 80 100 120 
Volume of effluent (m() 
HO 160 
Fig . 6 Seporofion of Ag ( I i - Cu ( U } 
t. J 
6 M NH^OH 
40 60 50 WO 120 
Volume of effluent fml ) 
Fig- 7 Seporotion of Au (JIJ )-Cu (U ) 
HO 
/ '<-
wwi ptMMl «it« 4to« 4WI1IHII at ft flow rats •< 1 to 2 ni KIA*^. ft^lm 19 
•Mlifta stao •tUftitt* llM «ni«r ^f MpimtiMi and Hi* •iMiits n«4id 
•gfAI«tfn»l8 OH gIllG»SlUOAtS»l»Ali COUMKS 
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• ^ O O ' O F 0 ^ ^ 
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f - 1 
(iMiifi 19 tmmmsw) 
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ittxtttro 





















AMomt % frror 
f«f«id 
(08 m i«90 
6iO M t»6« 
%70 M 1«09 
%»0 ^ i 2«4iO 
1*08 m 8*00 
t»09 MiB %*9S 
^JIT) f«# A l l m l i mx^umn mi pt(iv) and Aii<ni) 
9«iM« iiivo«i^ 8 ffww of ^tt «Mii«ii8«r» auNwu i^ r$(XT>/A«(nx) 
t««itrt« awihoi* «i« rvtelMA «#tal iWMt e»^t 0«^t V i ^ ana F*'^ 
wim •t«t«i • « ! vitii 9in rm^EL* tt« f«««lt« IMTV wmmuiwtA Is tibi# ao* 
lAOUl 00 
wmnm w n(zf} Aia> A«(ISS} SMUI At |i» 5*< wwm ooLorxoiis 


















gtvmi ta «iAl« Vk itBum that MMpl* t i « o l i M l M l l r aov* •o t ta l l l * Hum 
ftMi Hi* v»»«H« giT»a In tiibl* 15 i t Mm H* tafnifvi titat 
•iiMi s l l l M t t ««n(« a» an «xtrtn#lr w»«k oailaa «Kali«ng«r «ttil hm»m 
Aa«tst«A ffiir f«l«a*« of byiArican Sons* St Itof ll^««ofit<t» Aosiralllo 
t ^ t tiMi iB^«i««r i^Ottld not \t% mtkmtiA to wtftEo oontoot iiitb i^r 
•otntAoii mot ooatoino blgb o«a<Mntxoti<m of tiy^ drogon tons* fbo aotot 
iotto oft^oi^» bowovort to oaffiotontly bicli owl ^ r i « o froai $.89 to 
8*96 • •of /g* flio fooolto i^ PMOBtoi in ttfblo t7 ilMiro « looo ta 
oopooitr At iii#i«r toapofotaioo* 
«io foottlto 1^ tHo ot iHi i l tF of ^bM otUooto pioooatoA ta 
^WIMIF^W^P 4M|P fl^WWiWw ^^^WPW aBoWiWP •Wp^JHw^Pw^r ^Wi^^* ^P^P ^^PH^^R ^(^W ^•upm^^ip ^^VPv0W^a<M ^^ jp^P-Jv^ Wtp 
aator* oolt ootvlioaot «1O#M1O« «tIitto oolte oM OMwailo oonoMtttat 
• i i o #1 vitkoat ta offlooiaiilo looo* KlfH ooeooatvatim of ooi«t 
•MMPO'voKi affooto too oBVlioogoi* oaA ooaooo atooootottoa of t to 
t h ^ tmMm Hio oRoiuaifov wiwortlot I V I B O ftoloagod ooatoot witb o 
ooBOaatiatoi oolattoa of ooilaa ililorlAt fot lo i to ttolodgo tlio 
i iaml i i i i^ agottto ai« aot a t o U ooilNA tgr tho 
MMit lot f t i fc lo fMiyortr • f s i M aiUoato to tto i H i l t ^ to 
/ ' u 
•9ii«l affftiiitr <*r « M « • f UMI M t « I taui t w a m i MlMittf i i ## Mrte ln 
•d ia l imm MM ^MiriJitMitory t« ••»•« tti» i t riefl««t«A JRPMI Hi* 
f*»taiH» y p i i w i f to taOil* 81 liiioli ImdiMit* tluit lAiiU mtiMtftA 
• ! » • siUtfat* im« • coiptlAn M^Mitjr li«t«Mtt S«99 t# 8*96 •••f^ga*^* 
t i M t t d sl»« stUwitt iMi* •«ryit«a «»]Mittit|r of 9»0 to 0*t «•«»]•• ga*^. 
flM nkliiOtA •Mnptiim 9mpu»ttr I * t»at«iitiir» 9f tb« f««t t M t •os««A 
flMtal ioBs ao MBv* oootqqr tli« p»ff«i or I W M tlMii us* cvwili^ic wttli 
fH* «itr««t«d «ieii«ni«r* Instwrilt •Mfptiea •^NMitgr now tftptada on 
tti« iitnb«r of •it«« •'viiil«%Ji« tme t i i* «it«l«tiMi« 
ms»rmM W^ACITX or SOME nestAL mna on 
































•lao»nui««&liM«« ilMw» a • • I M U W Miyt lmi i»r 0»(SI)°t 0«<lX)t P t ( i n ) 
•n i lUdX) y^kmrnm 4MP«rpttMi f»r A«(X}9 F«(Xf) sad AaCXXX) i«mi« 
fUt* ptviA H M WRT f»r in * tSflsr •«pif«tiMM «f ti i* tiw • ! » • • • £ i«M« 
1M ffHuMii for Mlatittvtt •vrpt i in «ai i««oripti«ii •£ e^rtain «]rp«« of 
mmUX imm ttAn %• •«tri1>it««4 to l^o laigor tfifformoo In tlio »tafoiUlgr 
•onotMito of ^ « ••t«]«»MII mmi^%9am%* Slt« • lotUo to ^osoA en tii« 
• t i&i l i t j r ooMtaiit of Ifto »o«o]*»«Iiitiag Mgontf* iiitoi»oliiU«s 
ilgaiid luiiriag iilgii otOlftlUty ootMiwat w i l l H* olatotS f trot* 
14Lot Of oofomttOBt froooatod In tidilo i9 oy» iMiood on ttio 
«i»Mrvatioa Hint aoltko ro(XXX)i lll(XX)t 0«(ZX) and Oo(XX) liiioii 
wont nfttotaod bjr tiio oHOlMBgort Ag(X)9 Att(XXX} and i»t(XY) pooood om 
mooilkod* fhto Xod to tbo onoooooftiX ooporotioa of ro(XXX) tvon 
Ft(X?)» ro(XXX) t9m Att(XXX>* ett(XX) flo« iMl<X) oad 0«(XX) fVM Att(XXX}* 
fsi^lo 90 tfhooa tbo onoooiofnl rooovorloo of H(Xir) oad AiKXXX) 
ffVMi ooIntiOM oMi^itting ifoaCxxx)t ooi>por(XX)t ntokoXCxx) ma 
oA«lt(XX)« In tfeo yioooiioo of ftiro t»%A oatoooo of Hiooo aotol iono« 
noltbor vi tboM oooXd %o AotootoA In flui notor oXaoto ooatalnlns 
flotlaaM aai g#l«» « M lotaftaoi attaX loan* Oo(xx)9 Ott<XX)» lil(XX) 
oa« f o ( n i ) » ooto ooollr oX«to« oat vil l i m m^m. flUo aHovo tHo 




t» E*V*l4MI WBd Dwiuiasit IadiMiJ*9iaiinil*» 10<6)» »%-# (197ft)« 
8« e»V*D»Mit aiiA l^ «Rai«Bit Hii^t i#<9)i aOi«»7 (1979)* 
) • 6*f*i»tMii And »«iua«ii« ibia« t«<9)f ao4.6 (ifTi)* 
%* ntsiUumdl M^ l».&«B«xit |]^itft i^(5)t 8il*ft8 <197i)* 
9* B.nVttitoiit Aiiiil»ai«»*t 9(90)t 9711 (i97t)* 
#• lUOcJttiNMi and R*R«afia«t««4» <|i«s« fed IiiS#t t99 697 (t977)* 
7* r.Viiveii 9m& Xt1l«liy», s«p*8(ii.fMti»ol*« i9<9)t lS79-»St (1976). 
8* J.N«](lai and J«S*mts» 4,Oteroaitfigr.t i99U)f 9l>7-t6 (1978), 
9* r»T«moii and II*lsoI««» ilBfi&»CSiiii»Aata9 88(8)« 969*79 (i974>)« 
ta* R«J«ftiiiUp» aad d»S*rrit»» Aiuil«Gb«ii*« 50(i i ) t i90%«a (1978)• 
i t* r«!i«Sa«ll aaA 0«T«8Ht«Il» •Golailwitria «tl^i»d« 9f «ii«l3r»i«% 
V«l»Uy D.tNm MaatnoMl <HMpwi]r« Frlaaataa, M«M itorH, 699 (i9>7)* 
18* r«0«Sii«Il and e»f*8BaUt ilitdt p*9(Mt« 
i9« 8»B«sanHla]lf *Ga]aniwtrte 4ataf«iMiiSmi at tfaaaa of aatala't 
Hitafaaianae t^Hkiikm^ Iaa«Ila« twHn^ P9«9099 786 (1999)* 
i%* 8.B«SaHAaU» i^M» p*818 (1999)* 
msikh mv mtiiAfmn mmmMimimmi: on 
emfwsmm mmm tgwmu siueMm 
Co 
mSthh lOM OHElAYBm (»B»IIAtOG8*r«T ON 
tm^iMimm mmm m»miQ SZUCATS 
inevMiMa %Y « soitidil* «lii>l«« of tii« eiiaqi>l«iliig at^n^* As m f«»iiH 
^ • r eta b« oMd a« mi «i«l^ie«l tool jptr oopimitloii purpeooo nhoio 
IH^rotieal prlaot^loo OiB W« oppliod oad ooloottvo o^oratiomi oan 
tio aolil«Yo«« tOto baa %oe« aado of ooai^ loxoooo for ttio pvopoiotiOB 
of now Obolftttag loalna for ooiMifottitc mm%ml iono on tbe toaia of 
ooiq l^iB fonaitioii (!«$)* Xaoiiaato ton aBoNtagoio oan bo oaofi 
Itkovioo* Sorption of S<4iy(aroiQr4at»oiiiio on fofootl ooparotoo tono 
•oali aa Q»»Mti |}i»f%*2B ot tfooo loiola (?)• ^H^mt ooopUaiiiii Ogooto 
o«o taaObiliaod on ttio «nObiai«or» i t yroforo ono («r o fow) natol ion 
oyooioo mmM laoto otrongljr tlMOi oiy otiior ooooriing to ito oonplosiag 
OkiUtr* ikna nino oiliooto oof%oi with Bliif (t»(8«>]pgrriOyl«ao*8-' 
nupiifiMl), koo »oon itoo4 to ooponto iO<tXl)«rt(I?)t FO(xn)«Att(zxx)» 
0«(XZ)«>Ag(X) 9mA On(XX)*Att(XXX) (•)• Vio piiMont voili ooHMirisoo 
tim foooikilitr of aoiai xfioool orongot ovioohreno tllook Y on« 
IfiO-phonanthrolino «o awnflaniag otonto for tlio o^orotion of aotol 
iono on otrong^ oAoorptivo otoanio oiliooto cMluMsor* fltio ola ono 
to ooiibUali oonAitiono for tho oopoxntiott of a nmiior of natal iono 
7']'' 
Analaft gm»A9» 
mlwiimm mi srtoobi^Mi 1>lfteii Tf wy%mml wtmm* and 
t^lO |ii«&«a«liroIia« vtr* |^«p«r«4 in disti l led •tli«ttOl« 0«01N •«liitiOB« 
of Cii(n)» Cd(ZX>t Ht(ZI}» 1li<IT)t r»(IIZ) end AUuiliiM •artli MitaU 
w«r« pnpmrvi in d»iiitt«nilis«S v«i«r* % ( n ) •olatlon wfts fV»piif«A 
tir di»«eiviiig iig(iK>«)2 in o*tii BND.* 
AppTa^ t A tmBp9rmtmm •oiitjrol2»{l 9X00 abalMr tmA an SMoo pH 
K»t«r nodoi lA-'iO war* M|»lof«<! for gbalciiig emd pfl »t«aiir«iiflnio 
mmti^^Mt tfttimte •tUo«t« was ^raparad %y nixing 0*iH aaXtttlaita 
• f atannia abiorida paataliy'dFata tmA a 0*itf aoittltiaii of aoditai 
ailtaata (9)* Ika wlitta mvaipitaia foi«aa «faa kapi atandiiig at 
rea« tamyaMtava ^w •v«r 81 lioara* UMI yvMiipilata naa ftl.*arad 
aatf dbriatf at %0 0* nia Orlad pffwdiiot aa abiaiaad vaa teyi ianaraad 
i a aatoiiana of dtaftvad aaaplasaoa far %0 lioora* I t vaa ttiaa waaitaA 
f i r a t irlth daBtnaraXised aatar ami tliaa with •thma^lm Wtahias waa 
aaottaaad to mao^ aseaaa ooaplaieaiia* Ilia vaaiiad j^rodaat waa liMO 
driad at %0 0 and oaad fMr %atoit praeaaa and ooIaMi aparattana* 
K k » / 4 iJ / I» » ^ ' ^ 
( o 
SBSSSSSSSmt 
inrotiiwi OMWCityi 1li« sori^Uon m^mtXr ot «it« «rali«aft«r «•• 
A«t«i«la«d liy b«t<A prooMs* 0*5 « «xoli«iic«r « • • tttaktii witii • 
•oXatiOB tft 0*0811 of tli« 4««tfft»A a t i a l twi i» « O M A I M I flask 
eontttialns 25 »^ Of « •olntioii of pH 6* Aft«r b«iiig tbaiieo fOr 
6 li«tar« «* rom t«Hp«ratia« tNi odxtiv* warn (^eaiit«d «na tli« Mioaat 
of avtal ton i^Mmtaiiie is tlie f i l t ra te mia a«t#fntiiOii by obtlomatrie 
t i tmt imis . file •orptton enpaetty of SCMBO natal lima ei« roiiortad 
Im t i^la 28. 
mt»fwm OATACXfT or conpiaumEs SO^BD 
svymxc siucAT£ ro» TAiaous MSTAJL IOMO 
"•" I " " t ' " • ' ^ " " "— 
llaaa of oolo«ar of soi^tioo oi^aeitF la tt^ml^aa f * 
oonylagaaf tiio - i'" ' % « •' i* " •' t ' -i '•••'— 
agoai aoi^O asobMigor jf^^^^ r o ( m ) C«<«) B i U l ) » ( !?> mitt) 
Oi fWilO Villov 0»3i 0,9i 0*fO 0.00 0«08 0.00 
»SMk f noiot 0«oo * - o.Si 0*00 o*98 
1«10 fOOBl 
tiifolteo «lil«a 0*10 0«00 
( J 
^t9 »g Bfr9%Um 1h« !»«• Af sorpt tM 9t Vk{tf) MW! ca(XX) « • • 
d#t«min»4 ^ • 1iat«li proo«M» A fixed oMMNniftrfttioii (0*6 ••••1»«) 
of «»t i i i iont i n « solution of pH 6 ««« ili«i£«fi with xfUaml omagm 
•ot1i«d •tftoaio • i l i i N i l * ftt d i f ferent intcrvala of t i»o and tiia —ouat 
of t«isoxti«il ion waft aotemiaod i n tlio olwito* II10 aoifiod aaouiit of 
•• iaX ion was tlian oaUalatod hy the difforanoa i n tha aaoimt i n i t i a U j r 
takwEt ana tha anount found a f ter i^alcin^* Itia vaaulta ava plottod 
i n f i s lira 8 and ^aaantod i n tatfelo 23. 
WmiM i 3 











































- A - — A -
Cu(II } 
1 1 
0 5 / 0 / 5 2 0 
Time (min • ) 
Fig. 8 Rote of sorption of Cu (II) & Th(IV) 
c_ 
^ypart—a witH i t lA— 0#l i momr • t a l l a r oondiUona eoiriitlon of a l l 
tii« ^ f « « ooBpl«xl8c as«iii« OB • l l t « « c« l ! » • •tadt««* I t wat 
«(bs«rT»d that •stretmly poor otfsorption of oosqploxiiig agoet ooeuro 
on oiUoR gol* Ib is OboorfBtton Is pefttttor to ^ « utosoii ulif stMuito 
slUooto fonoiioiis aiiQli tiottor titan stUeo gol* 
PH ranfiot Ibo pil range withiu yHUch tke oxotiaager oau l»a safely uaad 
waa daior»liie<!l l>y aliakltti; nith solutions of a i f farant pU for 6 hours* 
Besulta shotr tliat tleedios of oompleaconea oeeurrsd In solutloiis wiftoro 
pit was lass tHan i and aere tltao a* 
filstrlbtitiflB Go^irfioimtff Of mui yona a t Mf foraot jff 
<*) yrlanol oroago aiarOoa stannio allAoatot fo a stopperaa ooaleal 
f lask oootalning fl% «1 aolutloas of d£ffar<»it pif <i to C>} and 1 a l 
of 0*011! wi ta l loo solution «as addad* fbo atxtttra iiaa aqul Itliratotf 
tritb 200 MS axohangar for 4 bours* Hio aaiou&t of imsort»ai! ssetal loa 
was tfaon datamlaad in tlia aolutlott Mlxtora* !Slia diatril^utloa 
eoaffleiont, m^ Is §Ivon byt 
AaooBt of MStal Ion l a sgottaagor pimaa g** 
Aaomt of as ia i Ion I n i^latftOB ftoaao a l * ^ 
BIO lasttlts of variation of m witli pB tor di f fotsat aota l 
loan aro plottoA I n f lgnia 9 aad prooaatad l a tatolo 9%. 






Cu{ll) / cd (in 
Th (I V) 
Yfiir) 
1.0 2.0 5.0 6.0 3.0 4.0 
pH 
Fig 9 Kd values ofsomemefolionsutdifferenfpH 
8:. 
fAVUI 81 
m VALUES or scmr; METAL sums <m stAimic s i u c u f i 
































































(11) arlo«iare— lil—it y —!»»< »t»«il» rtl^a^i »fl mlottt mn 
dtetoiwliMNI Itt tl« SMM m&y mn tk§,t fi»r «i« syXcnol ttn«8« •efli«8 
MMiifligvr* «i« f*8«ito MP» glvM Itt tiil« 89* 
t: •:. 
nBiM as 
WkUMB OF METAL lOHS OH STAMKIO SXUCAT8 SOiOl^ 


















































T«A. 7«A. T«A» 7U« 
T.A. T.A. T.A. ¥.A* 
TJIk* f«A. 7 . A . f M . 
f.A. 7.A. T*A. f«A. 
f.A« f .A. T.A. T«A. 
0 .0 0*0 0 .0 0«0 
0 .0 0*0 0»0 0«0 
T*A. • Votal adsorptlOB 
JtOS&SMSBBtfi ^ ^'^ kasla • ! 41ff«y*iiie« In Id v i lwis umptetmtiom v n 
«rl«A w • 30 X 0*35 « r g lass OOIUMI. 2.0 g uxolitti^er «m» tftlMii cm • 
g l sM ««»1 tiQipert • ! tilt tol iMi, 8»lit«loti« of mUl U»9 t« 1i« • •9 i f«t«4 
WW tbm vtmmA ibrougli tbe eoli«n at • tlm mU of 0 . 5 • ! S IK"^ . 
'* ' MHBUBwlTmiii»ffiiiBiiwWitiiiffiHWlwi iiftfilgitiffi i^JwHflB llltflilli'My VBOOOMSIU 
•opiMitliMo Of fo«r M i i mt at i t t l Umm, 0»>iB» 0«i^Mt ttNlR •&« TiMM 
i«v« feooa ooliioiNNI « • • ooI«Hi ooatoiaivg otMnio s l l i oo to aoHko^ l iittb 




































































































(1^ ) V103 hi ZOO 0 
bJ 
im^somm • m^som) to^mUA t« IR 3 «§• mm ftr in* •ittit«n mt 
Oi(XX}« llatlMl 9it niCXT) mA 6«(XZ) IMS MMit %r • alxtw* «f 0»IM 
MMI mta 0»1II SCI M4wii«« t« |K l* m* wmuH9 «i« 9VtMttt«4 in 
ftUlUt 86 













0 8 ( n ) 
«i(xr) 
Hen) 
I' ' "•" ' 
WXmmt 
(nei • met) m i 
met^o^m 





(OljOOOB • mJS&Om) IB 9 78 
(»ei • imi) m t 
{mfom • mfoom) 
(Ml • ]|»0I) IB t 
8»9K MMSI 
90 
































" • « W r 
•iwrfctfilt MpomUoM* • ! tnNi(ZX) !»«• tfMi(XXX) Haiw 8««a Mldl«vi8 
Ml 8W«ii8 0iu«»t8 MsocA mni i9to»8ii«B«ttttv#um»# pii(m) «•• 







































b rY uI ^ir^ ^0 ^uno uj\/ 
(. , 
#«l«ettv«ljr r»iiii»«Nl hy ^i« mu^mm^w* fli« menlts art •ttoMrtsai 
Itt t i^l« 87 «a^ prmnsnUA In figt^Pt 111* 
BmhmnmiB m umh^pmrnAnmrnum mmm smimzc mucAtu mmm» 
Bit ntxtwe illicit siiist* imom^t im&iMt % i r t e r 
i<«) (Hi) 
M X ! ) ^Oj» 0«9K 90 5if $1^ 0*10 
•cpMityt Ibia aorptivit i l » l l t ^ of tiM trMt«ll ttMniicI t i l i o a i * tlMnrt 
iimt i^«y«ii«« of tii« ooBploxiag as«nts to tiio «iOb«acor offoro oiios 
for tbo Ol^olotioo of wmt&l toot* SBrptioo of oM^loxing ofttttto liko 
i^rlonol oriMisoi orioebromi hltmU f onA l«ilK]^«iuui^roIlii« iioro 
•iioi»o»ofiiily ««iitftvod« 8i«Biile siUooto mtili^ to oolourioao ortgliiollr 
oo^iilro4 tiio oolonr of ttm oot%oa eoaipl«ixooo or oon^l^c foraod liy 
tho ootioo of Mtttoi ioBo vitii tli« eoM l^oxone alooo* fli« tMrvenefit 
of Um ooHploa: thou fomod mm bo Ofroorvod viauoXIr lo tiio OOIOHI. 
Uto loanlts of tlie oorptiflu oopooity AotomiBOtloMi (talklo 88) 
oiioir 1$mt ooi|iImopoo i^ilioA otoimio otUooto hm o oor|»%ioa oopoolfy 
liotiiwm l>«9 to 0*6 •••oloo i *^ imp tfiffoioitt ootol ioBo* la tiiooo 
otoiioo i t woo itbrnttmA tkot sr^oaol ofoaco voitoA otomio oiUooto 
4000 aot tiito M^ olkalino oorHi tmimX tooo oiiorooo otaoato olUooto 
ooi^ oA Witt orHitirwii Hloali f iBoIooivolar rotolaoA olkoltna oorllio* 
•oloottfo to fo<lX} looo oai IHMBM to r o ( z n ) IMM* n«oo ffooolto 
ittfovfii tliot tlM aolol looo fomiot otiAtlo ooafloaoo oitli oaaplitBOMoo 
••0 yrofonoi %r ti>o ootid flwoo oaA thio foiMo tiMi i M l o of 
oolooti'Titj* rartbonMHTo* (ihoiitivf ^ o OOBPIOKOBOO Oj^ to o woy to 
pfi^«ro tiM t « i oniia^tor i s teoivod fora for tko fortioolor prmUm 
of oo9oiotioft« 
Ifec vtt t iU* of ^Alm 93 maA tigmm 8 ili«v 1 ^ i««« of torptlMi 
of at tol toas on mjlmml omofto ooiliotf oioBiiio otliwito iiMirofir«« 
i t o«n bo ooon that wtmiimm ooiTiloii of betli n(ZY) «od e«(XZ) to 
ottoiflod in 5 • ! « • ttiio foot o^uiltbintioii rato io am of tkm 
Aootniblo proportloo of otooittting wotiamoro (to) moA m odNrootago 
ovor th« goaorol ioaKOBohongoro* Otiior dooirobU pioportioo ottob «» 
tilsti oopooity for ttotftlo of intorooti iilfth oolootlvt^ ana bigti 
aoobonleal atioi^tii or totigtiaooa of tiM oKoiuiogor oro ado^iiato vttit 
eoiBi^ loaeonaa oovbed on staimio aiiieato* Tbo aor^t&on eapooity for 
mital iona ia itua to tiie praeoooo Of oa^ril^alag agoata tiboroaa bigb 
aolootlvlty da|»esda upon tli« atnli i l i ty oonaiant of tbe laatal ^alattikg 
groups Itia pnaoBoe of a l l the four iioaUtiea of a elioiotljig ion-
ox^Mgor In tilt a eaaa oooatitatos i ta aavantoga oiror tlio orgaaie 
^MSatiae oxoHangora mwroin litgli oapaeitjr and toogtmoaa aro Hia two 
oo«9otttiiro faotoro* 
Si oaa bo aooK fioa figitro 9 tiMit dtotribtttioa of iiatal io» 
botwoaa aaMbaacor phaoa tmA aolatftaii yliooo tfopaoAa ^ poo tbo pa of Itoo 
oi|iillflMnitio( ootttttoft* tianato oiUoato ootboi vitii mftm»l oraato 
t»mm AtffWPOBt a f f ln l t f tor ttwlbor of aatal toaa viB* ett(II)» * ( I T ) » 
Oi(Sl)t Y d n ) , M(SI)» Pod l l ) and l||(ts}« mmm HMtm aatal toaot 
tbo voloao at |K 3«0 fii^aa ^ M I aMaHlaaa diffOfoaot ta SI iralaao« fbto 
«tffwr«MO la SI valaoa ia yrobiibljr «aa to tho dtfforoaoo ia 
•tifl^llitloo Of eoaploxoa fMnaot* ttiia MIAO paaaibio tlio aoparatlMi 
• f taa alaaa of a^tal ioaa «> HMoe aofboA ^ppvooin^ly at pfl 3 froa 
tiioaa aoffbad to a laaaor dogiao at |tt 3« liio •^aratioaa ytaotiaally 
aobiovi« «a tlUa prtaaifM* sMt fli(IV) fvoa e«( l i ) aaA Oa(n) f ian 
C. / 
CNIdl) (ri<0*ld mA i t ) . Itetol ion» Uim mitt} m& mitt) mw mt 
• t «I2 «ofli#i« Hit* i « teMMiiiM tffirtkwd o«iipl«]tliig «i«iitf mflmot ttrangty 
tfo«» Bot font •tai i l* em^lmmm wttb tti(II) ami 1| | ( I I )* s»pitratti» #f 
fB(XX) flTflii 6i i (n) Ana 1li(X?) I t bmMid OB tliia |}i>liiiet|^l««<flg««i8 and 
13). 
0»t«i»iaftttoii At Si imliMis «f alkaUBA •«rtii wmtatl tim» «ii 
^rio^vmm I r l i ^ f farther ^imfifiis tfeMi iiifBirvBo* timt appUeatiOB of 
• ems^lmim, ag«at IH^«« ^ f i oKoliBiiior *«iioe«3r** trioobro** ^laiik T 
ttm^mA •taunt 9 • i l loa t t oofba onlr aUniliBO •«r«M tmA 4o«» not tidio ^ 
attain tooo t ^ t m not fom ati^lo o«i^ l«aeo« vitb orto^rono ^ l « ^ f« 
l«%iM aiSmline mmriM motalo a« a &rmp ttlgiit ^a a^aratoil fifon oHiiar 
•ata l iona* 
filia raati i^ awimriaatf t» t i^ta 87 a£iow aaita m^mwmtimm of 
raCiI) Iroia fa(tix> t&m mt tfta iMiIaaBa of atwiato atlioata •oii%«di 
irttb iyte fbMunthroUiia* itftoa foCxl) fntwi a oti^la oooplas vitl i 
i i i 0 |ttana«tliyoIi»a i t la aalaotiivlr vatal^mS iliofaaa f#<XSS) oaaaa 
omt mrotaiiMi* i n i r l r atal^l* WmiU) • t»liO |iiaKantl»«2taa a««pl«i 
4tM oat allwir olittioii itf Pa(XI> aa aiioli* ee»iravaioa of fo(XS} ^ 
foCnX) «iti i IBIil|« oanaaa «MI llata«taMttt of i i i B fpw tlM oaoq l^iBatto* 
ffita oaparatieii gliaa an tofox^aiit appltoatiott aa ilw aawi aatal i t 
4ttffo»attt wlattoa atatoa %aluivao !» a atffwrwit aMMmr. Otlior 
•ofaistioiui %mm^ on tiiia prinol^lo wor alao Ha triad* 
i J' 
9* JliMmMm 9»A 4«S»mtat a.OiriHMitiwr.t t93(8)t !»7«'t6 <197«)* 
%• iu4r,piitiU9« Mii J«s*rftts, iiMi*ai«i.t 90ff i5i>%-8 (1979)* 
$• StBrtitolctt B«Siibi<ikft and 8.iliMiak» mUr.mi^f 3(i»t)» 5»»6 (1977). 
#• r»tf(tfWMit StlMUSf AmiI»Oiia»A«t«*t 79t 889»96 (1979}* 
7* Jf#u*im»w^ m»A H»fi«lMr» immUehmik*^ %{%)§ 36$ (i979)« 
9* 6*T«Dt«at ana r«il*8ffieit tmim Smt^^bmU^ 1 ^ aOi*9 (t97»)* 
t o . r«1NiiiioB» Cb«Hi«ti7 A tttdtaatiTt t9 , 63%»97 (i977)« 
c a A y f 1 » ^ y 
siiiiixe mjemuimumKM AS A mnr cBsufms mn mmMmm 
^ G 
f „f 4 f ^ i^  « ^ .I 
wmmte mmmmwmm AS A mv cmufim mn msmxmm 
in ••piiKtIoit •oi«aMi« •!% ^«efiite«d • ! • • foS r^sHrvte* liftMd mclimi (tfS^t 
•9«dtft« f««tft9 iMnw mlm %««» i<«|Hirtti« in ^ « em^lmsim 
#i« aetoi^al %iitaY»0 •tatlar t@ tfe« eei^l«i&ag sgint ^S tfe« notftl ten 
$m*%%tHty hm§ not ^mm m^tmt^ tmimNim li^igimte ^«li(t« t«B 
c . '•; 
«t#«liMMilMilM 0nm) ifor« mmA* Otli«r ot^mloals m9& «•»• of Amlait 
o,oiN MttttiwMi Of eti(ii)« CMi(n}» iit(u)» mivr) mm r«(xxx) 
wmf pemptatmA in 0»mmatwmUm%A witer. Bgitt) mA f%(XX) •eleti<Mui 
nor* prwj^mw^ by distolvtng tlMtr nltratas in 0*18 K8Q.* PMr p«(Xf) 
•otiitiMi, |»X«tiBio elilOFtd* ««• dl«s«li«d la 0«llf IK .^ 
lifpagittiff.i A tM^«f«i«t»« eoB^KiIliia SXC30 abiMMir was oMd for iit«iiiiig« 
SI400 pa wit«r «MI»I U-iO «al l^t««r sp««%n 7$ imr* i«i«A i»r pa 
«Mi •pfMifO|)iiolk«notfto aeasto'OBaEitts rMiioetiiNily* 
fytttif»i»i O.llf colttttoii of •tawiio Ol^ lorl^ o vao ntixoll with 0.4M 
ooiufcjUm of ^olintteXaaliio la Aittrnmrnt lottoo • • given tn tt6iU 98* 
H M aiiitiiro WMi is^t otainAfiif inr a% IIOQIO at IOOM tMUfovotoio to 
ottooro OM9»loto 9V«oi94tott«i* Hit Obiio piooitlte^ oo «iOtel»oA 
wio ftIt«rodi anA «rtoi ot ill*Q te oo Ofwi* flio trioA 9i««wit WM 
iHuiioi oitli itwfiiiffoliotg witor* I t to iritallar im^wrtrnt mmt omiMuigor 
ilMttid aot »o olUmM to mm So oootoot oltii ootor iki lo i t to lMit« 
mm U&% yvoAottt i f leapt to oataart ihova a mUmg iiyiralraia* 
«Mt«foraf aftor »oiac iria« to tlio ovoOf tlio «Mtiaagor waa iMpt at 
toqpomtara t i l l i t oooloi 4oiai oaoplotalr* iba aaahan^ar oaa 



























^ « : : 
s j | i| i| i| 
0 0 0 0 0 
? ? a. q ? 
0 0 
tt 1 & < fi 
^D 
MBsmsBt 
wt^ t « l ••latioii • ! !»««• «MM«tttniii«i 9t tfMirvi a»t«I i«B is « 
««iit«al flatic •Mitei»iiig 8% »1 «f •Mli«n 1^«t«t««%orlo atttA naffer (|M 6), 
Aft«r ^ ine ttudiwi fwr six botirs st roen t«q>«mtiir« ^ # •lxt«ir« im« 
a«t«nita*d ^ «ii«lMMtri« utratien* mrptUm «i9A«itr • ' «t«nii»» 
ThMm 29 
mmvsm CAPAcif Y FOE Mrrgseit nmAh mm 












MaMtUta^ 0»9 f ttf til* «miMng«r wit HuHnNi in a aanlaiil flaak tmt 
tmat li««if» In umlw^imB in liiiaii i t * dtaaalntiMi was ta Ha aMakaA* 
Iha ai^aiwita wm «a«aKti« ani ai(iv) ima AataiHlaaA tpaatvaplMM** 
l.\ 
«ii«luiiit«r ««• «bt<^ k«d in ifAt«r« difftrwat «iRittMilfmtt«»« •< liy«ro«lil4iri« 
VMtiltt art •taMiilB«4 la t ibl« 30* 
1!AB1£ 90 
SOl^lBIUTf o r S«Mei2a}Z£»lSAl«IUMZIfB 
T ^ 
• I ^ W F ^ W V T ^ P W T ^ F 























s e l f 0»jUI 
Bei« e«9M 
BOH* il l 
mu ai 




l l " . 
im too a l Af •0B»Mitnit«4 noi i» m ttOKtMl flMdH* Hi* yfolmm «»« 
•Rdtt tapio S90 nl wltl) di«ttll«tf imtifr and ^ « Miliitim v«s ItMtaiS for 
am h^m la an •ta»«pii«r9 of QOg* Xt vms tHon aoolad tmA Urn im tf 
wAvm^ Stat* ««• ti itataA agatiuit 0»ilt potaastiM diaiHpOMtt* 
•olattMi (9) . l^i^anylaiAiui wis osad as m Indittater* 
PMT tli« d««wrMltt«ti«m or d&oftuBiolMla*, «MiiN»r 900 Kg of 
Hio «Mliaiis«s' w«« Utkm in a it»fmd "bottom f l a ^ and iOO »1 of tOM liac^ 
vaa adHaS dropvtao* fb« of^wratua aaa«aiiiy ia i^owi in figmm 14« 
910 ami.n» ^latl i lad Into Hio tf$ aolotloo of Horto aoi4 iMa doiomiiaai 
%y tt t iat lon «itli 0«lli mi to a liioiieovoaoi groan «i4 point (iO)« 
Via roattlta of tha aimSyaia of oanpio 3 aro aa followot 
Aaoottt of MM^a^or taiCiB • i«000 g 
Aniiia abtainod aftor aiat i l iat ioi i • 0*5690 g 
Aaotnt of ti»(XV) fovni m 0»il890 s 
Milor ratio of sntBiotiNHMla«iao • (ti8«a8i> 
O r tfioo* H H I i^aotraa to mtmm to ftgiow i f * 
tmnUm of mrtal laoa at Ptfiatowt riit in a tlooa oti^p^tot oaiiioai 
f l a A omtalaioi 900 qg ^ Hio ary MMUM^OT ana 9% S I of O . t f l 
hitPMiilavio aoi« • 0 *mi foatwi aoototo oolvtlom (aajnotoi t« in i»7)» 













































C % ; ^DUDlllUJSUOJl 
I (; o 
iHMl lft« MMottt »f aital Urn. f i i t i j u t in t i «»• tf*t«iMia»A %|r 
§9HHty »i ttm attal i«n« tm ftoliitteitt of tflff«riffi»t lil «f» yr«««at«di 
i a t i ^ l * 3i ffttd figttra 16* 
if«ta2 AMHSif af Httal iaa aaartNNl In •••alaa 
i a n a • • " • • • • • " • • I " • M M ' — I . I I « » I I I I I I I I I M I I I M I.IIIW|»I.IIIIM.III I lllll | l l l l l l l I • » ,11, 
«s«(n) 0.0 X 4©**o.6oirto*^ i.sfcio*^ u^mixt^ i.tiaieT^ umosT^ 
m d l ) i«6iiO*^ I.eSBKtO*** l.TJanO** l.TfiKtcT* 1.7&iiO** t«7fiilO** 
l » ( I I ) t»40idO*^ t,50Kier^ i.SteSO*^ i«#QitiO"^ i*6attiO*^ t.^tialO'*' 
Oi( l l ) UimuT^ t«OftilO*^ i^itelO"*^ i.agKto"^ i*%teiO*^ i^itatr** 
ladi) o»4MiO** t«Qi^*^ utKixT^ u^muT^ uomajsT^ o«Mio** 
Pi(stl) o«<MMr' Oconto*' o t^oito*^  i*aiio*^ i.steie*^ u^AmuT* 
M d i ) OtOBtflT^  o.ioii!t«r^ O^IQMMT' i.sftiio*^ dgOOBio'^ ^ 8«oiKior* 
MiCSt) O^QSMT^ 0«OBlir* 0«MBlO*^  0«6lBlir^ i»56Bi<r' i««flKtO*' 
kjr aataaa apavatlMi* atli^atta af ao^P i^* aitrata aaatalalat 
104 
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Fig. 16 Sorption of metol ion s of different pH 
"1 (. a 
gifts* %m9l •o^art* 1b« flow rat* va« •OJostoa to 0*5 ff^ •!» • Hi* 
•MftOit of 0«<n) In MMli f»»«tiaa oollootod • • effltwnt ««• dotentiiiodt* 
«li« fioiiitt ar« •oMMiilsod in tiilbla* 3St 3? and 34 and »2iittwl la 
BREAK fHBomn OAMOiTY ov mjimimttmAmumME 
e^iaantnttiae of food solatiOB 
fH of tiio aolatioB 
Wltm rata 
0«976 m/tO • ! 
6.0 
0*5 at B ^ « i 
T 
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Fig. 17 Break Through Curves 
I, Cu (IDconc -^ 0 3d mg/bed volume 
fl, Cu (II Jconc-^ 0.19 mg / bed volume 
120 
i L . 
'amm$3 
BREAS mrnVSM CAPACIfir OP SXAIillCDISIiiAliOlAiaHB 
0«io«iitmtioii of f««a •«liitt<Mi 
pn of tii« oolaiiott 
flow rat * 
0«J89 i« / tO «1 
0*5 nl/iBiiii 













Ooiie«iiti«tl«ii o f fmt& noliitiott m 0*193 siB/iO «1 
pl*v f«t« • 0*9 wl/miM* 






























<o 120 60 
Time ( minute ) 
IQ Rote of sorption of Cu ( H) of p H 6 
J L J 
0«0i8 9«9»1« 0t i M n ) i«ui ttt « mimim «f fH # lift* ilMtoNi iittli 990 
• f #f stiMmttt «ft«tiiM»»3«iita» «t dtfitVMii lattrtnlft ^ U M I iiBi mmvmt 
• f aaM»ffr«l iiiift vftft ^mat 0mlmmA9m^ 1» Hi* ftiqmnifttti* m * pysultft 
««« ftiaiHtrftaftd in t i ^ U ^ Maid ipl«tt«« in f l io r * ! • • 
" '"•• •""•'"•" ' • '""" ""••' '•"""' " I '' '"•'""•'• • " " " " " " " ' " " ""•"""""" " I " " ' """" ' " " ' " " ' • • "" •""""•"" •"" ' •""• 
^Wi^Mi) eii(IS)t pi««il«s) i^ lft«n%iiit (•••dbs) 
0 0»S9 #«INI 
9 0*59 0*09 
36 0«99 0«if 
%9 0*99 0*1^ 
i0 0*2^ 0*17 
90 0*99 0«07 
t90 0 « ^ 0*Sf 
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< " J 
( l^ ) V103 N COO 0 
11/ 
t« If Mponitca ««f« llMB mlimmA to trtokl* doim tiui ««1IMB nt • 
luMI •Itttttts «••« «ni vmmmfA ia tiitel* 96« OgiA«r 9t •Itiiioii i« alitMi 
l » fl««lWi 19f ^ f i t f 88t 83 ABA a^* 
^^mmtfAvmi sspAMTicms or mtAti nms on tmmtG mwawmwmm 
— — i — l i i mil "I" ii«w»«» iiini|ii mil H n iniiwmii in i H I M I I | I I — m i iii^mmmmmmmmi^rmmmmmmmmmmmimtimimmmm 
St« mp«ntHmm BtnamtB Hiifitt AiMtMt Jtimmt % gyrvr 
M« Mlii«v»a V»IMMI l«fi#NI fioiid 
<«i) (ne) («B) 
i* ^ C n ) Co«aK nsi • o*ai mt) in t an %90 «9f i»iii 
8g(ZI) (0,1H i»3t • 0.91 i«i^i) 00 910 909 0»9f 
t* rt(lT) (O.SN HBJl • O.SM ml) 16 i 60 429 
8g(XI) (0.9 BCI • e«9lf KftOl) 00 !M10 
9* ftCnx) (0.8K iBi • o«af not) m o 90 96o 
0«(XX) (0*8M Ml • 0«SM 801) |fi t 00 490 
4* l i d x } C<»«aM w i • o«aK ^ i ) ]>a t 90 9io 900 t , io 
mitt) (0«9M 101 • 0«9M ntm) 00 910 9MI 1»9» 
9» Nods) (Ottt m • 0«Mt « ^ } in ft 90 410 400 0*40 
mitt) (•«9ii lei • 0*911 mu^ei) 10 009 oao o«oo 
i* li(XZ) (0«OM 801 • 0«ON »I) |B t fO 9M> 49i 0*00 










A« I t vvitf^t f r m tiibl* St prvvipitfttioii of •t«0Bi« 
• i t iS* ABjr YUlfitleii in thl« r»tto nwtiUcd l» aiMppMuraaM ^f tfas 
fffvoipltftte. I t ! • wor^taieiiiiottiag thai stimaie Ai«tlMmoliMiit« do»a 
a#t aiiav aagr t« i «iobaiist ««p«eit3r« Vli«» ttttmie dittt>«>olmiln» in 
n* twm ««• k«|pt fttt «ost«et wttli a meluH^n of •odioi a i t i«t« no 
t«l««M Of B i « M ««• <ib«Qmid« siailor «xp«ri»«iit witli otmito 
<ioth«tt»lo«tB» itt (Ni^ fWM too ftttlod to irttow iKisr Ion oi^iongo 
ooiMottjr* ttio Wfotitmgof'f howomiFf poooooooo M I ofpioo&il^lo oMnptton 
oopoottjr* lilts 2 ioeo friMi tlMs oeltttions of $e 9 to {fl S ox^ tolKoii a|i 
hf tiM «KOliidgigor Mid r«loaood ifbMi p of tiie ooltna mis brougbt AONB 
to loco tbitt tliio rmgo* 1 ^ ittoMUtsr ^ otoaaio tfiotlioiiolotiliio to 
«boir any ion OKObonso pro^or^ rovoals tiiot tiioifo i» oo ftxod iMfotivo 
or pootttvo oliaffso wltb tiio Miob«og«r» serpit^i of iwtal ioao OOOCTB 
%oe««»o of tbo 9fo»Mioo of attrogoii otffi of oateo gvotip tiiot ofiovo 
•ttoo f«r Uto obolottitt nitii Hio wttftl i oM* Slaoo o t ^ t l t t r of tlto 
aoto^Ugona tfofMoi^ apon tbo 9K of tlio ool.titiosst MIT iwriotton to 
•tooMto d&otboAoliBlao voo fOMitf to tio |}*99 ••soloo B * lito oBtrtMnsoiT 
oOfttlroiS tlio ooloor of tiio ooitood Mttal IOIMI niiiob o«tt Ho oonoi^ioiwoolr 
ooott* «M trlot^Io ooloor #i«mo iot to ooryttoa of tfiffoffomt aotol io«o 
to ilMBfiM in tifblo 97* 
ilO 
muim &uomu t^m to stmnwn 
8i« MttAl iwm Mii%«« 6»lotir of tli« mtH^mgw 
1* Ca^ Slut 
&• F t ' * l^ roMB 
*|» in He o&»^« 
• • r t ^ Unlit iroiiMf 
ttui «Rt«at to uliitih fttoaaiQ ai«tluiiioliMiiio 4lio««liP9« t» 
4tffiVMit Mitfo und 1MUM» i « v«]imrt«d in tdklo 9G* Xt oan Ho OMU 
tiMit I t i « tetrlr otel^io tB ttttids upto at nud is mmmAim hr&rmAO^ 
•oimtflv fto IN rnHmw Hi* oti ibl l l l^ td « gsvotor «H«&t. ihio to 
WooiiM •otfiiM hyttraitAi rotoaooo iliolti«ii«)I«»iti« Irao tte «B(oii9iv«r« 
flio y<o»ttlt« of oawf»ottIan o^Mttoo oiiov tluit otoMiio «MI 
l^u 
AUtfeMaMUMiii* mw9 yrtcittt to tli« wmlmt istto «f tt8*SS&» 
tti« Msults • f IS ^•«truB of ctaanio <ii«tii«MlaMiiit proMiitoA 
is ftgwr* 19 •&«» «ii« followixii p««t*isi 
( i ) A UnMid |»««ii r«aiiti« from 9000 t« 3900 W* t an tma nt 9900 ! • 
•itrlliiit«d to fi-B oiroteitiixg tt09u«ii03r» 
( i t ) A jpo^ arotind 7 ^ «w ro««il>l«s viti i !!>»« vooldiig fyoqiMiiiejr* 
( U i ) A podk; at i6a0 mT^ U Am to ll»8 1loiidii«* 
< ! • ) A aiffiiMd l»«afc eroond 1 % ^ M ^ ti« Am to liie proaHmfxi of -ocaig 
groiq^* 
( • ) ABOtiior poels arotaa 990 muf l>« doo to 0-« group* 
On tlio liooio of f i rot throo pointo i t oaa bo said thot t ^ 
oo«|»otmd prooijpitalMMl toy otemiio (Florida asoa dletbanoJUyBine a t i l l 
f«taiiia tiko i l ^ gr&ti#« mriiiotfiiorot ti^a fvoiueaiey of OR grot^ ia not 
•looTt tNHroforai <m tHa tooaia of Hia raaolt^i of i«r« and oo«|ioaltloa 
.«ot4»«i»iittoii of ^ a prodaet giirine SaiainiBa mt&o mm apfMBiaaitalgr 
l i 8 i tHo otraatnfo of H M aaoyoiiiid war tlo mnifioaad aa foi lwat 
• CJuk"""© ..^ ^ 0"*HH|^ ^L|_^ 
fho liaiifti«c • f iM witii o Of OH gvonp aiM net iiitii N of if«fi 
gmiip ia oonfiiMad hf tiia foot tNit tojr wiMim atannio obleriOa mA 
(iiotlqrlaiil»% ao prooipttoto «»• ototoinoA* llio al>ovo atrootora gifoo 
tlM omi l i f t i l i t r of tho lOMo p i i r at ttitrofa» to M «Md for 
9imrHwmtUm « t l^ Mii«l imm and ^ i « foriM in * Mi«i« • ! ttii* o«qp«iaiA 
v^rldac • • « «li«Ut« tQ» «Mliaiig«r« 
nw f««tsUa of tb» •tndr o ' tli» Miptimi btiiavtotar •< •l«iit 
• • t i l l Ions in •oluUdtt* 9t ditf«r«at pa «i« pv»«*i»t«d iik f i i«r» t6» 
flift b«ii{iiTlota' of i^»« «»t«I tons OMI !»• a«oorftl>oi Into tliroo £jreii|ist 
( i ) flotfil ions tbftt otoy vlitt tit« osot&ongor m% a l l 98, vis* K i ( I I ) 
AHA I%(I I )* 
< i t ) Motal ions that luro ! • • • ooitood a i 9R I t suoh aa Pt(IV)t OiiCZX)» 
ift(n)» m(ii) and c«(n)* 
( t i t ) I9itat tana titat am net at a l l aeitiad at i>H t and pR 2« aanalr 
raCnx) and lla(IX), 
A J t^flt afftatty for fli(ZX) and Ca(XZ) ai«t saaaraUiri Hio 
aliaraatartatia of i«al»a oontatntnig a u ^ e r and attfagea ataaa aa 
Itfaada (tt<»t5)» Bane* i t ta ^ a pvwtmtm of nttrataa ataaa tii 
atiauita dtatiifiialaMiita vdttob ta raapouatl^Ia for t ta iitgh aalaettvitx 
for aft<n) aad ^•nglt ta a laaa«r dacraa* far I^XZ)* sari^ttoii of 
Fa(XSX) mmm t« ••oar oat H t^toaaa of t ta aiiaXatt«B vttli »ttraga« aiaa 
%«t <aa ta t t« tftttlattan «t1^ aaovaii ^f dtatHaaalaata^^ Pa(ZZI) 
•aaaaaa «f ^ a dtffaraaoa ta babavtour of dtffaraat natal taaa 
ta ••lattana •# dtfCaraai ffif a nai^ar of aaparaiioaa vara paaatbla* 
S«aa«aafal aaparattoiw of Ift(ZZ) fton Oa(XZ) aad Sfia(ZZ}| 1%(XX) fian 
llB<ZI)f C«(XZ) fran ra(ZSX) aad Pt(XVh aad 1B<XZ) fraai MttClX) bava 
hmih aabiavad* f ibia % •aaaMrtsoa tba oaMiar 9t •aparatlMui aabta^aad* 
Slnanta oaad and •riktit af •Xattan ta i tv tn ta iigmpwm t9$ 80f Slf tt» 
1 •- O 
mmm I s ti$mp9 17 «y* tfa« 1lr»«li thrwigli oiirr«« f»r Oi i (n) 
At tfifftmnt •omoMtratioiui. « I « M studi** i w t a l that tf^iit 
%0 1M« voi»»»« In 0(iM of 0*99 affi; !»«r l^*^ VOIUMI oafl tilO 1M4 irolnMis 
| » oa«0 of 0*192 «e p«r iMd V O I O M of f««<l •olnttona van b« 9 « M I « 6 
tlhro«iih tiia amiiuiit«r ullli^tit «qr laaJiaga ot Ctt<XI> iaaa Into lita 
• f f luant * Furttiar tfea t t igMr Qoneatttratioa of Cu(IX} ioaa gtvaa 
•harpar braak tlurotick* 
figun t8 ^oira rata of aori»Uoa of €«(XX) i n a aolattoa 
of f^ 6« I t oaii %• aaan ttaat 90 flMititaa af« ra^ulindi for 90% i#talet 
of Oii(IX) i<Mia mid aqti iUbil tM ta foa«ba<3 vitii itt 60 «intttaa« ifefawilly 
tilt a fast aqaiUDratton rata &a not capaotad fron &iiois@aio ioa 
OKOtiaBsara* fiaoanoa of aatao §twxp (a i^aXat&on a i ta ) to ati^nto 
diathanolaalT^i ta raapoitsibla f«r auob a faat aqull ibration rata* 
ftiia fttrthar aiiova tliat orfanonataUto axo^angara too fiiaotioii Xiica 
t l ioir ofsanla oonatarparta tnaamiali aa rate of aorptloo i a oonoamaA* 
Bowavort a^oftlibratlon atodioA w«r» isada %y i^al^iig ttie Matarial a i t l i 
a t^artioniar oatlo^ aeitttioii tmr foor Honrfr to anatire tba aqaiXibrtvii* 
Iko 
tmsmancm 
8* r*fSinioB an4 X»lt»!ly«>, Sti>«S(ii«f^Mliao2«t i5(5)t ^>*Si (1978)* 
3* .^H^KIiig and «I«S«mtK« <l*GbrWM«fler,, i95(»)t 507»t6 (1978). 
«• S.J.PtiiiUp» and <l«3,rntst Aiial«eb«M«9 90<ii)» 1904^8 (1978)* 
9* z»»iiit<iiel, n.ntDloin »n<! 3«Joffialc» l>fBtor*8oi.» 3 (i*2)> 9>*6 
(1977). 
6« F«?«iiioii mid B.^c lat , Aiial*Clil««Aotftt 79r 2S9*36 (1975) • 
7« E*B*Saiid«llt "Colortnttria 0»t«riiliuitioii of fra««s of Katula^, 
XIX mn99& ma*^ Intorsoietiet p^li8l)«r»» tn9*f H«v Itoit:, 
iyp.66ft.69 (i959). 
8* r*D«Sii@ll aod 0«T«SaeU, Colorittatrio vathods of mnnlywi^^ 
Valuta X?At D.Voit ItoattaaA Comptunyi Xao3*«}«i p«197 (1967)* 
9* X«li.^Ittiof and RjiaXabar* "•oliaeetrlo Analyala*, 1Nil«lXX, 
lataraaiaiMiei ipHbllaliaraf X»e*prli»e«t0a,lf»<l*9 |»9*^9»77 (t965)« 
10* ^•mtalialltJr.i x*MtlEal^off l«s«piro«leatiar aii€i AtVelaalMiiiSart 
*Oiig&iilc Aaalyaia't V)il*nXt Intaraelanoa pt^Xiirtiaraf Iiia*9 
Kav t^ft* |».1%0 (1958). 
11* A.Sagfll aad li»Oia«a« aiaB»Piiai«*BolX (t^ lEsro)* 8%i 19%9 (1978)* 
1S» A*Si«ll9 fftfOgava and NaBlaoBtltaiit l%18« 88f 798 (1978) • 
13* J^r.MaiWHiydrr*! K,ii«8lota» i*A«iliXaiio anil s.siggla* Aiial*Cfaaa«t 
*«• 77* (1978) • 
14* P«A•Cotton and C^nilidnaoiit *Ad¥7siioad lnoxi;ftnie oiieiilatXT'f 
n x odBM t Viler Mttani prlirate Ud*. 88% (1978). 
C H A P T E R - n 
I c 4 
sfwsf«mmm«mio msfmimuivimi OF ?AiiAoiai(v) vzfB BBOCXHB 
iit«A ftf« o«|ii«airl«B«4i«iiti« C8)t «liio«ttIt«r3tM>ittft (3) «BfI irc^^loii* (%}* 
S«M 4»^«r attlioaa haw also l»«oii r^portad rtocntlir ($»S)* Wmry 
••llMMIa iui0 i t s MhnAtac** ind UHltati«M« Hi* attliodi iMiias 
^^^mi^lmm&iwimiim and S-^ytfrosjrqulaoJliiM «vt tOMftiitililA to nm$t%w 
of iiitortortfiooOf i^i lo liio aotiiod isol»c It»(p<i>li» lf«»di«tfti3rj^iiitiiio-}» 
mtUiom^^trnjIhtbiO) bytfroxwito aoltii (CRCi.) io vtirr o«asitiv« b«t 
plottnaa and I r t d i w eem bo toloratod mtly 19to a liadt* Vo oiioorvod 
o aoir 00lour f«aotl<»i batwoait vanaditaiC^) and ibruoiiia ta aeitfto 
NOdlifli* HiorofoiOy I t waa lart^aad to dowilop thio raaotton f<Hr tlia 
Aotonidnattoii of vmaditMC^)* itto «a^oa A&jmUp^ la aiapiOf blthlr 
aoIootlYO and aaffiolantlr aooalttTo* Meat of tlM aotal iona tiiat 
aro ea—aoly aoaooiatad wttb IMMMIAHICT) do not latorfara* Iho aatlioa 
ia ottitiftla for tlia AatomtnotlOB of v«»aat«ai(T)» jportioaXarlsr la 
tlia ytoooBOO of f t ( IT) lAioH iatorforoo oorloaa^ ta iiaot of UNI otlior 
•Kio—tBflaa yrooodflffoo* «ui proaaat roport tiwiailaoa o«r otaOtoa 
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SYNTHESIS OF ZIRCONIUM PHOSPHOIODATE 
AND ITS USE 
AS AN ELECTRON-ION-EXCHANGER 
JAGDISH PRASAD RAWAT and MOHD IQBAL 
Chemistry Department, Aligarh Muslim University, Aligarh-202001 (India) 
Summary. — A new inorganic ion exchanger, zirconium phosphoiodate, has been pre-
pared and utilised for studying oxidation reactions. Its ion-exchange and electron-exchange 
properties have been investigated. Analytical applications have been developed and the 
oxidation of iron(II), titanium(III), arsenic(III), tin(II), and antimony(III) to iron(III), 
titanium(IV), arsenic(V), tin(IV) and antimony(V), respectively, have been achieved quanti-
tatively. The mechanism of oxidation is discussed. 
Riassunto — E stato preparato, e impiegato per lo studio di reazioni di ossidazione, 
un nuovo scambiatore di ioni inorganico, il fosfoiodato di zirconio. Oltre a studiare le sue 
proprieta di scambiatore di ioni e di scambiatore di elettroni, sono state messe a punto 
alcune applicazioni analitiche. Con questo scambiatore e possibile ossidare quantitativa-
mente il ferro(II), il titanio(III), rarsenico(III), lo stagno(II) e rantimonio(III) rispetti-
vamente a ferro(III), titanio(IV), arsenico(V), stagno(IV) e antimonio(V). Viene discusso 
il meccanismo dell'ossidazione. 
The analytical applications of ion exchangers are important and 
new uses are being actively developed. Oxidation is an important pro-
cess in modern manufacturing industries. As they are insoluble in the 
medium of oxidation and reduction, electron exchangers are readily se-
parated from the substances in solution with which they have reacted 
and thus do not cause the interference which in unavoidable in common 
redox systems. A survey of the literature shows that electron exchangers 
have not been widely used for redox purposes. 
Ion-exchange resins have been used as electron exchangers " and as 
redox ion exchangers"". New inorganic ion exchangers have also been 
developed mainly for separation purposes and their analytical impor-
tance has been reviewed "". Studies on the application of inorganic ion 
exchangers to redox reactions, however, are sparse. Zirconium molybda-
te ", zirconium metatungstate " and a few others ' ' " have been studied as 
electron ion exchangers. We here describe our studies on zirconium pho-
sphoiodate used as an elect ron-and ion-exchanger. The determinations of 
iron(TI), titanium(III), arsenic(III), tin(II), and antimony(III) have been 
quantitatively achieved by their oxidation using the above electron-ion-
-exchangers. 
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EXPERIMENTAL 
REAGENTS 
Zirconium oxychloride («Fluka»), phosphoric acid, and potassium iodate («BDH») were 
used. All other chemicals were of analytical grade. 
APPARATUS 
An electrical temperature-controlled «SICO» shaker, a «Bausch & Lomb» Spectronic-20 
spectrophotometer, and an «Elico» pH-meter were used for shaking, spectrophotometric 
determinations, and pH measurements, respectively. 
SYNTHESIS 
To precipitate zirconium phosphoiodate, solutions of potassium iodate and phosphoric 
acid were blended in the ratio given in table 1. Into this, a solution of zirconium oxychloride 
was added with a constant stirring. The white precipitate obtained was kept standing for 
24 h a t room temperature. pH adjustment, when necessary, was made by adding hydro-
chloric acid or sodium hydroxide. The precipitate was filtered oft, washed, and then dried 
a t 40 °C. To make the exchanger in CI form, it was kept in 1 M HCl for 48 h, washed with 
demineralised water and again dried in an oven at 40 °C. To make the exchanger in a 
cationic form, it was kept in a basic solution of the corresponding cation (e.g. in calcium 
hydroxide solution for the Ca^+ form). 
ANION EXCHANGE CAPACITY 
The capacity was determined using a column process. One gram of exchanger in chlo-
ride form was placed on the glass wool support of the column and 1 N sodium ni trate 
TABLE 1 - CONDITIONS OF PREPARATION AND PROPERTIES OF ZIRCONIUM PHOSPHOIODATE 
Conditions of synthesis 




















































(«) Molar ratio P/Zr/IO, = 3 :2 :1 . 
solution was passed through it. The chloride ions thus eluted from the column and col-
lected in a beaker were determined titrimetrically by Mohr's method ". 
CATION EXCHANGE CAPACITY 
The exchanger, converted into the Ca^ *^  form by keeping it in a solution of calcium 
hydroxide, was taken in the column and 1 N sodium nitrate solution was passed through it. 
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Calcium ions collected in the beaker as effluent were determined titrimetrically with a 0.1 M 
ethylcnediaminetetraacetic acid solution. 
Kl-FEIT OF TEMPERAll'RE ON ANION EXCHANGE CAPACITY 
The exchanger, dried at room temperature was re-dried at different temperatures (40, 
100, 150, and 200 °C) for 4 h. One gram of each product was taken in a column and its 
anion exchange capacity determined at room temperature. 
CHEMICAL STABILITY 
To determine the solubility of the material, 0.5 g of the exchanger was shaken with 
20 ml of solution at 30 ± 1 "C for 6 h. The supernatant liquid was drained off and its 
phosphate, zirconium, and iodate contents were determined. The phosphate and zirconium 
analyses were made spectrophotometrically by the molybdovanadophosphoric acid method '•' 
and the xylenol orange method "^, respectively. Iodate was determined idometrically with 
s tandard thiosulphate solution •*'. Sample No. 1, being chemically more stable, was used 
for the redox and other studies. 
CHEMICAL COMPOSITION 
500 mg of the powdered material was fused with 1:3 potassium nitrate-sodium carbonate. 
The fused material was dissolved in water and phosphorus pentoxide pjresent in the dis-
solved portion was determined gravimetrically by precipitating it as ammonium phospho-
molybdate. The collected filtrate contained iodate, which was estimated iodometrically. 
The undissolved portion was ignited and weighed as ZrOj . 
REDOX STUDIES 
As' i i , F e " , T i " i , S n ' i , and Sbm were oxidised by passing their solutions through one 
gram of exchanger (6 cm in height in a glass column of diameter = 0.69 cm). Ti tanium(III) 
was determined titrimetrically with ferric ammonium sulphate »*. The amount of Ti™ 
originally taken minus the amount of T i ' " found with this method gave the amount of Ti'v 
formed by the exchanger. Fei" and AsV were determined titrimetrically with t i tanous 
chloride " and by the iodometric method ", respectively. Sniv and Sbv were determined 
by methods reported in the literature ^^ •-''•. 
RAIE OF REACTION 
The rate of oxidation was determined by taking a weighed amount of exchanger in 
stoppered conical flasks and shaking thoroughly with the solution concerned in a shaking 
machine. After appropriate intervals of time, the contents of the flasks were filtered and 
the oxidised species formed determined. 
RESULTS AND DISCUSSION 
The results of this study show that zirconium phosphoiodate is an 
electron-ion-exchanger. The results of ion-exchange capacity summarised 
in table 1 reveal that this material behaves amphoterically as it pos-
sesses anion exchange capacity in acidic medium and cation exchange 
ability in basic medium. The anion exchange capacity shows no appre-
ciable variation with change of drying temperature between 40 and 
200 °C. Therefore, the material may be dried at any temperature in this 
range. 
To determine the stability of the material, the dissolution of its com-
ponents in various systems was estimated. The results are summarised 
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in table 2. The compound is stable in neutral medium. High concentra-
tions of acids and bases make the material less stable. However, the 
material can be used in slightly acidic and slightly basic media without 
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{') Demineralised water. 
appreciable loss. The chemical composition results summarised in table 
1 indicate that the molar ratio Zr/P/I in the exchanger is 2 : 3 : 1 . 
ELECTRON EXCHANGE STUDIES 
Oxidations of some oxidisable ions possessing lower redox potentials " 
than iodate/iodine have been carried out. Titanivmi(ni), iron(n), arse-
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nic(III), tin(II), and antimony(III) can be successfully oxidised to Ti'^, 
Fe'", As^, Sn^\ and Sb" ,^ respectively, by the column method. The results 
obtained are presented in tables 3-7. Taking one gram of the exchanger 
the method works for low amounts of ions; for higher amounts a larger 
column is necessary. Thus the column possesses some maximum electron 
exchange capacity which mainly depends upon its load and column length 
and is 5 meq g '. Using higher amounts of ferrous ion on one gram of 
ion exchanger column only 280 mg is oxidised and the rest comes out 
unoxidised. The electron exchange phenomenon depends on the oxidation 
potentials of the various redox couples and only those reductants are 
oxidised for which the oxidation potential is less than that of the lOj" /h 
redox system. This is further confirmed by Ce"^ which could not be 
oxidised because the redox potential of the Ce"VCe^^ couple is higher 
Fig. 1 - Plot of the rate of oxidation of Fe" 
to Fei" by the batch process. Amount of 
6 0 90 ,20 ISO ISO Fell taken-.60 mg. 
Timt mm 
than that of the IO3 /I2 couple. The results of figure 1 show that the 
process of oxidation is slow and takes nearly 2 h to reach the equilibrium 
in the batch process. However, in the column operation the slow but 
continuous flow of liquid disturbs the equilibrium process and the reac-
tion goes favourably for complete conversion of reductant to oxidised 
product (figure 2). 
Zirconium iodate is precipitated when solutions of zirconium oxy-
chloride and potassium iodate are mixed whereas zirconium iodide does 
not precipitate. When synthesis is carried out by the addition of solu-
tions of phosphoric acid and potassium iodate to a solution of zirconium 
oxychloride, zirconium phosphoiodate is precipitated as a combination 
of zirconium phosphate and zirconium iodate. Since it is the iodate 
group, with its IO3 /I2 redox couple, which is responsible for oxidation 
processes, it is suggested that iodate is bonded at a place which is avai-
lable for electron exchange. When bonded, the iodate does not change 
its place but takes part in the electron exchange process according to 
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the reaction: 
IO3 + 6 H+ 4- 5 e = 3 H2O + '/a I2 
I 
Iodide is then converted to iodate by air oxidation in the presence 
of nitric acid. The air oxidation was studied by Berthelot according to 
the reaction 2 KI 4- 3 O2 = 2 KIO3 at somewhat elevated temperature. 
10 !0 30 40 50 60 70 
Volume of Fe'^ solution ml 
Fig. 2 - Plot of Feiii concentration in tlie 
effluent. Amount of Fe" taken = 145 mg; 
amount of Fe"! found = 144.2 mg. 
In the present case, the air oxidation also occurs at low temperature 
since HNO3 works as a catalyst" 
I2 + 5 HNO3 4 H2O - 2 HIO3 + 5 HNO2 
Furthermore, a solid exchanger favours the reaction. Thus, zirco-
nium phosphoiodate, when exhausted for oxidation purposes, may be 
re-oxidised (regenerated by HNO3). Tables 3-7 show that the results are 
reproducible. 
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